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Abstract 

The new conjectures are proposed that there are s-matter and v-matter which are symmetric and 
whose gravitational masses are opposite to each other. There are two sorts of symmetry breaking 
modes called V-breaking and S-breaking, respectively. In the V-breaking, v-particles get their 
masses and form v-galaxies etc., while s-fermions and s-gauge bosons are still massless and form 
s-SU(5) color-single states which loosely distribute in space and cause space to expand with an 
acceleration. The curvature factor K in the RW metric is regarded as a function of gravitational 
mass density in the comoving coordinates. In the S-breaking, space can contract and causes 
temperature to rise. When it reaches the critical temperature, masses of all particles are zero 
so that s-particles and v-particles transform from one to another so that the gravitational mass 
density is zero. Consequently space inflation occurs. After the reheating process, the state with 
the highest symmetry transits into the V-breaking. In the V-breaking, space first expands with 
a deceleration; then comes to static, and finally expands with an acceleration up to now. The 
cosmological constant is determined to be zero, although the energy density of the vacuum state 
is still large. There is no space-time singularity in the present model. There are the critical 
temperature, the highest temperature and the least scale in the universe. A formula is obtained 
which well describes the relation between a luminous distance and its redshift. The equations of 
structure formation have been derived, on which, galaxies can form earlier than the conventional 
theory. The universe is composed of infinite s-cosmic islands and v-cosmic islands. A huge v-voids 
is not empty, in which there must be s-matter with its bigger density, and which is equivalent 
to a huge concave lens. The densities of hydrogen and helium in the huge voids must be more 
less than that predicted by the conventional theory. The gravitation between two galaxies distant 
enough will be less than that predicted by the conventional theory. It is possible that a v-black hole 
with its big enough mass and density can transform into a huge white hole by its self-gravitation. 
Nucleosynthesis and CMBR are explained. Space-time is open or K<0 according to the present 
model, w can change from w > to w ~-l. 
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I. INTRODUCTION 



We consider that it is impossible to solve the singularity issue of space-time and the issue 
of the cosmological constant in the frame of the conventional theory, so that new conjectures 
are necessary. On the basis of a new essential conjecture, we can solve the two issues, well 
explain evolution of the universe and the characters of huge voids, and give new predictions 
and some guesses. 

As is now well known, there is space-time singularity under certain conditions' 1 ^ These 
conditions fall into three categories. First, there is the requirement that gravity shall be 
attractive. Secondly, there is the requirement that there is enough matter present in some 
region to prevent anything escaping from that region. The third requirement is that there 
should be no causality violations. Because of the theorems, there must be space-time sin- 
gularity in the conventional theory. On the other hand, there should be no space-time 
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singularity in physics. Hence this problem must be solved. 

Recent astronomical observations show that the universe expanded with a deceleration 
earlier while is expanding with an acceleration now. This implies that there is dark energy. 
0.73 of the total energy density of the universe is dark energy density ® What is dark energy? 
Many possible answers have been given. One possible interpretation is in terms of the 
effective cosmological constant A e // = A + p g0 , here A and p gQ are respectively the Einstein's 
cosmological constant and the gravitational mass density of the vacuum state. According 
to the equivalent principle, p g0 = p , p Q is the mass density of the vacuum state, hence 
X e ff may written as A + p Q . A e // cannot be derived from basic theories® and p ^ A e //. 
Hence the interpretation is unsatisfactory. Alternatively, dark energy is associated with the 
dynamics of scalar field (t) that is uniform in spaced. This is a seesaw cosmology ® . Thus, 
discussion about the universe expansion with an acceleration is still open to the public. 

Pgo = Po ^ originates from the conventional quantum field theory and the equivalent 
principle. p ^> A e // and the singularity issue imply that the conventional theory is not self- 
consistent. p = is a necessary result of our quantum field theory without divergence®. 
In this theory, there is no divergence of loop corrections, and dumpling dark matter is 
predicted®. It is different from the supersymmetric quantum field theory in which p = 
can be obtained in only some models but is not necessary. Thus, issue of the cosmological 
constant is open as well. 

Huge voids in the cosmos have been observed® . The model in which the hot dark matter 
(e.g. neutrinos) is major can explain the phenomenon, however, it cannot explain the 
structure with middle and small scales. Hence this is an open problem as well. 

We consider that all important existing forms of matter, dark matter and dark energy, to 
be presented. Hence the basic problems, e.g. divergence problem in quantum field theory, 
cosmological constant and space-time singularity problems in cosmology, should be solved 
based on the important existing forms of matter. We have constructed a quantum field 
theory without divergence by dark matter. We construct a model of the universe without 
singularity in the paper by dark energy. 

We consider the following conditions 1 and 2 to be necessary in order to solve the singu- 
larity and the cosmological constant problems in the basis of the classical cosmology and the 
frame of the conventional quantum field theory. The third condition is necessary to cause 
the space inflation. 
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Condition 1 There are two sorts of matter which are symmetric, whose gravitational 
masses are opposite to each other and whose energies are all positive. 



The two sorts of matter are called s — matter and v — matter, respectively. The condition 
implies that if p s = p v , p gs = -p gv . 

Condition 2 When temperature is high enough, the thermal equilibrium between the two 
sorts of matter can come into being, p s and p v can transform from one into another 
so that p g = p gs + p gv = p s - p v = 0. 

Condition 3 p g = p s — p v = and V = V = V max > when T > T cr , here T cr is the 
critical temperature. 

The conditions 1 and 2 cannot be realized in the conventional theory. In order to uni- 
formly solve the above four problems on one basis, we present new conjectures (see section 
2) and construct a cosmological model on the basis of the conjectures' 9 '. 

The basic idea of the present model is the conjecture 1, which realizes the conditions 
Consequently there is no singularity of space-time and p g0 = is proven, although p is still 
very large. Thus, there is no the fine tuning problem, even if A e /j ^ 0. There are two sorts 
of breaking modes which are called S — breaking and V — breaking due to the conjecture 
I. p g > 0, = or < are all possible due to the conjecture 1. Hence the curvature factor 
k in the RW metric should be changeable. We consider A; to be a function of p , p is 



the gravitational mass density in comoving coordinates, i.e., K = K ( p (t,R(t))). The 



An important basis of the present model is the temperature effect on expectation values 
of Higgs fields. 

The present model have the following results. 

According to the present model, the evolving process of space is as follows. 

In the S — breaking, space contracts — ^-temperature T rises to the highest temperature 
T max and the highest symmetry comes into being — > space inflation — > reheating process 
— > the state with the highest symmetry transits to the state with the V — breaking and 
space expands with a deceleration — > then comes to static — > finally expands with an 
acceleration up to now. 

w = p/p can change from w > to w < —1. 
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evolving equations corresponding to K have been derived' 9 ' . 



There are the critical temperature T cr , the highest temperature T max , the least scale R min 
and the largest energy density p max in the universe. R m i n and T cr are two new important 
constants, T max and p max are determined by R(T cr ). 

A formula comes out which well describes the relation between a luminosity distance and 
its redshift. 

The new predictions of the present model are as follows. 

V — huge voids in the V — breaking are not empty, but there is s — matter with its density 
Ps ^ Pv m them. Their effects are similar to those of huge concave lenses for v — photons. In 
huge voids, both matter and dark matter are even shorter in the huge void. Thus the density 
of hydrogen in the huge voids must be more less that that predicted by the conventional 
theory. Right or mistake of the predict can be confirmed by the observation of distribution 
of hydrogen. 

When the distance between two v — galaxies is very large, the gravitation between both 
will be less than that predicted by the conventional theory, because there must be s — matter 
between both. 

We generalize equations governing nonrelativistic fluid motion to present model. The 
equations of structure formation have been derived. According to the equations, galaxies 
can form earlier and easier than that in the conventional theory. 

On the basis of this model, we have three guesses. 

The universe is composed of infinite s — universal islands and v — universal islands. 

Some huge redshifts (e.g. the big redshifts of quasi-stellar objects) are explained as the 
mass redshifts which is caused by less mass m! e of an electron than given m e . 

It is possible that a v — black hole with its big enough mass and density can transform 
into a huge white hole by its self-gravitation. Of course, the effects of quantum mechanics, 
e.g. Hawking radiation, must be considered. But there is no contradiction between the 
transformation and quantum mechanics. 

It seems that there are some difficulties in the present model, e.g., it seems that this 
model is not consistent with primordial nucleosynthesis and the CM BR data. It is a mis- 
understanding. In fact, in a broad scope of parameters, the primordial nucleosynthesis and 
CM BR can be explained based on the F — W dark matter model (or the mirror dark matter 
model) and this cosmological model. 

The first peak of the CBMR power spectra is the evidence of existence of the elementary 
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wave. The elementary wave began at reheating and ended at recombination after At' hc = 
3.8 x 10 5 years according to the conventional theory. But according to the present model, 
it is necessary that At hc > At' hc , because the sound speed c s ~ c' s and H = r/p g < H' = 
np' g = rjp', here Athc is the period in which T re ^ descends into T rec , c' s , At' hc and H' are the 
physical quantities in the conventional theory. Consequently, space-time is open or K < 
according to the present model. 

In section 2, action, energy-momentum tensor and field equations are presented; In section 
3, spontaneous breaking of symmetry and the gravitational mass density of the vacuum 
state are discussed; In section 4, evolving equations of space are derived out; In section 5, 
temperature effects are considered; In section 6, the inflation process and change of w and 
q are discussed; In section 7, contraction of space, the highest temperature and inflation of 
space are considered; In section 8, expansion of space after inflation is discussed; In section 
9, existing and distributive forms of s — SU(5) color single states in the V — breaking are 
discussed; In section 10, dynamics of v — structure formation and the distributive form of 
the s — SU(5) color single states are got; In section 11, some guesses, new predictions and an 
inference are given; In section 12, the primordial nucleosynthesis is discussed; In section 14, 
cosmic microwave background radiation is explained; Section 14 is the conclusions; Section 
15 is discussion about conjecture 1. 

II. ACTION, ENERGY-MOMENTUM TENSOR AND FIELD EQUATIONS 
A. Conjectures 

In order to solve the above problems, we propose the following conjectures. 

Conjecture 1 There are two sorts of matter which are called solid — matter (s — matter) 
and void — matter (v — matter), respectively. Both are symmetric and their contributions 
to the Einstein tensor are opposite each other. There is no other interaction between both 
except the interaction described by (10) between s — Higgs fields and v — Higgs fields. 

Conjecture 2 A e // = 0, where \ e ff is the effective cosmological constant. 

Conjecture 3 The curvature factor K = K ^ (t, R (t)) j in the Robertson - Walker metric 
is a monotone and finite function of p , dK/dp^ > and K = for p = 0, here p is the 
gravitational mass density in the comoving coordinates. 
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Conjecture 4 When SU (5) symmetry holds water and temperature is low, all particles in 
free states must exist in SU (5) color single states. 

The other premise of the present model is the conventional SU (5) grand unified theory 
(GUT) . But it is easily seen that the present model does not rely on the special GUT. 
Provided the conjecture 1 and such a coupling as (10) are kept in a GUT, the GUT can be 
accepted. 

In fact, only the conjecture 1 is essential. The other conjectures are obviously consistent 
with the conventional theory. 

All the following inferences hold water when S <=± V and s v due to the conjecture 1. 

B. Explanation for the conjectures 

1. There is no contradiction between conjecture 1 and experiments and observations up to now. 

1. S — matter and v — matter are asymmetric because of the symmetry spontaneously 
breaking. 

Matter determines properties of space-time. Different breaking modes of Higgs fields 
correspond to different ground states. There are two sorts of breaking modes which are 
called S — breaking and V — breaking. In the S — breaking, the expectation values of 
s — Higgs fields are not zero and the expectation values of all v — Higgs fields are zero. 
Consequently, the s — SU(5) symmetry finally breaks into s — SU(3) x U(l), s — particles 
can get their masses and form s — atoms, s — observers and s — galaxies, and the v — SU (5) 
symmetry is still strictly kept, all v — fermions and v — gauge bosons are massless and must 
form v — SU (5) color-single states when temperature is low. There is no electroweak gauge 
interaction among the v — SU(5) color-single states because the v — SU (5) is a simple group. 
Consequently the v — SU (5) color-single states cannot form v — atoms, v — observers and 
v — galaxies, and must loosely distribute in space as the so-called dark energy. Thus, in the 
S — breaking s — matter is identified with the conventional matter forming the given world, 
and v — matter can cause space to expand with an acceleration as dark energy and cannot 
be observed except by the repulsion. In contrast with the dark energy, the gravitational 
masses of v — matter is negative in the S — breaking. 
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2. There are only the repulsion between s — matter and v — matter when temperature 
is low. 

The interaction (10) between the v — Higgs fields and the s — Higgs fields is repulsive, 
the masses of Higgs particles are all very large and the Higgs particles must decay fast at low 
temperature. Hence the interaction may be ignored when temperature is low. Thus There 
are only the repulsion between s — matter and v — matter when T <C T cr . Consequently, 
any bound state is composed of only s — particles or only v — particles, there is no the 
transformation of s — particles and v — particles from one into another when T <C T cr , and 
if p v is very large, p s must be very little in the same region. Thus, in the V — breaking, 
there must be p s <C p v in a v — galaxy so that p s may be ignored. 

3. The equivalence principle still holds for the ordinary particles. 

In the V — breaking, v — particles are identified as the ordinary particles to form the 
given world and there are only the v — observers, and there is no s — observer, hence the 
gravitational masses of v — matter must be positive, i.e. m vg = m v , and the gravitational 
masses of s — matter must be negative relatively to the v — observers, i.e. m sg = —m s , 
because of the conjecture 1. Thus the equivalence principle still holds for v — matter (given 
matter), but is violated for s — matter. Thus a v — photon falling in a gravitational field 
must have redshift, but as — particle (there is no s — photon and there are only s — SU (5) 
color single states) will have purple shift. This result does not contradict the experiments 
and observations up to now, because of the above reasons. In fact, it is too difficult that 
a v — observor observes s — particles, because p s p v in a v — galaxy, there is only the 
repulsion between s — matter and v — matter and the s — SU (5) color single states can 
only loosely distribute in space. In the other hand, there is no reason to demands demand 
unknown matter to satisfy the equivalence principle. 

4. p s and p v can transform from one into another when temperature is high enough, i.e., 
T ~ T cr (see later).. 

When T ~ T cr , the expectation values of all Higgs fields and the masses of all particles 
are zero and the interaction (10) between the s — Higgs fields and the v — Higgs fields is 
important. Consequently, p s and p v can transform from one into another by (10) so that 
p s = p v , T s = T v ~ T cr and the symmetry v — SU (5) x s — SU (5) holds in this case. This is 
a new case which is different from any given experiment and observation. 

In addition, conjecture 1 is necessary in order to solve the following issues. 
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1. The cosmological constant issue. 

2. The space-time singularity issue. 



2. The conjectures 2-4 are consistent with the conventional theory 

(1) . X e ff = is a necessary inference because we can explain evolution of space without 
X e ff- On the basis, the cosmological constant problem is easily solved. 

(2) . In contrast with the conventional theory, all p^ > 0, = and < are possible, 
hence the curvature factor K > 0, = and < are all possible as well. Consequently K is 
regarded as a function of the gravitational mass density p^ in the comoving coordinates, i.e. 
K = K (p (t,R(t))). The evolving equations corresponding to K have been derived' 9 ' . 



(3) .As is well known, the 577(3) theory has proven that there can be the 577(3) glue-balls 
whose masses are not zero. The SU (5) color single states can be regarded as generalization 
of the S77(3) glue-balls. In contrast with the SU (3) glue-balls, there is no the interaction 
similar with U(l) gauge interaction among the 577(5) color single states because 577(5) is a 
single group. 

Sum up, in the v— breaking, the s— particles have only the cosmological effects and cannot 
be observed. Consequently there is no contradiction between conjectures and experiments 
and observations up to now. 

3. The inferences of the conjectures are consistent with the cosmological observations 

Based on the conjecture and the F — W dark matter model (or mirror dark matter model), 
the following inferences are consistent with the cosmological observations. 

1. The evolution of the universe and the relation between distance and redshift; 

2. Large-scale structure formation; 

3. The features of huge voids; 

4. Primordial nucleosynthesis (it is necessary to consider simultaneously the conjecture 
and the F — W dark matter model); 

5. Cosmic microwave background radiation (it is necessary to consider simultaneously 
the conjecture and the F — W dark matter model). 

6. w = p/p can change from w > to w < — 1. 
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Based on the conjectures, there are predicts to be confirmed. 




C. Action 

The breaking mode of the symmetry is only one of the S — breaking and the V — breaking 
due to (10). In the S — breaking, there are only the s — observators. In the V — breaking, 
there are only the v — observators. Hence the actions should be written as two sorts of 
form, Is in the S — breaking and Iy in the V — breaking. Because of the conjecture 1, the 
structures of Is and Iy are the same, i.e. Iy 1$ when S V and s v. Thus, at the 
zero-temperature we have 

(i) 

Ism = J (Pxy/^gCsM, C SM = a£ s + (3C V + V + ^ (a + (3) V sv , (3) 

I VM = J d A x^/^gC VM , C VM = aC v + f3C s + V + ^ (a + (3) V vs , (4) 

C s = C sM (* a , g (x) , g (x) , M ) + V s (u s ) , (5) 

C v = C v m {^v, g (x) , g (x) ,n ) + V v (u> v ) , (6) 

V sv (u s , u v ) = V vs (u a , uj v ) ; (7) 

uj s = Vt s , $ s , x s ', u v = tt v , Xv, 

where the meanings of the symbols are as follows, g = det(g tiU ), g^ u = diag(— 1, 1, 1, 1) 
in flat space. R is the scalar curvature. Here a and [5 are two parameters and we finally 
take a = —f3 = 1. V is a parameter which is so taken that V smin (zu s ) + V — in the 
S — breaking or V vniin (zu v ) + V — in the V-breaking at the zero — temperature, w = (u). 
&sM {£vm) is the Lagrangian density of all s — fields (v — fields) and their couplings 
of the SU(5) GUT except the Higgs potentials V s , V v and V sv . and ^ v represents all 
s — fields and all v — fields, respectively. C s and C s do not contain the contribution of the 
gravitational and repulsive fields. It is seen that the set of equation (1) — (7) is unchanged 
when the subscripts s v and S ^ V. This shows the symmetry between s — matter 
and v — matter. 
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Gibbons and Hawking pointed out' 10 ] that in order to get the Einstein field equations, it 
is necessary 




This is because it is not necessary that 5Y^ U = in 51' on the boundary <9E. Hence I' 
is replaced by I g in (2) . S is a manifold with four dimensions. <9£ is the boundary of S. 
K = trKj. Kij = —Viiij is the outer curvature on <9X. rij is the vertical vector on <9E. 
h —\ hij |, and is the induced outer metric on <9£. When <9£ is space-like, a/ ±h takes 
positive sign. When <9E is time-like, \f±h takes negative sign. 
The Higgs potentials in (5) — (7) is the following. 

- l -wtf s Tr& s + \a (Tr^^) 2 + l -bTr 

~\^ 2 s xtxs + \i{xtxs)\ (8) 

K = -^ 2 + \xtt 

- ^Tr^ + I a (IXK 2 ,) 2 + IfoTr 

- + |£ (x^xj 2 , (9) 
+ ^ 2 Tr$ 2 + ^ 2 X + Xs , (10) 

24 

where f2 a , $ a = (Tj/\/2) 99 ai and x a are respectively 1 , 24 and 5 dimensional representa- 
i=i 

tions of the 377(5) group, a = s,i>, here the couplings of $ a and x a are ignored for short' 11 '. 
We do not consider the terms coupling to curvature scalar, e.g. £Rfl 2 , for a time. In fact, 
^R((Q 2 ) — (fi 2 )) ~ when temperature T is high enough due to the symmetry between 
s — matter and v — matter. 

For short, we take a = w in the paper. We will see in the following paper that when 
a > w, the duration r of inflation can be long enough without the slow approximation. 

14 



D. Equations of motion and energy- momentum tensors 



By the conventional method, from (2) we can get 



;iia) 



Considering a = —(3 = 1, from (3) we have 



51 SM = 



where 



-9 
1 



dg 



'-9 



dC sM y/^9 ( dC sM \^9 



dg 



dg% 



9C V M\/—g ( dC V M\f—g 



Jl(T^-g^V -T^)5g^d\ 



Sg^V^gd'x 



-g»v (V s + V ) } Sg^y/^ct- 



} 5g^V=g~d 4 x 



X 



(lib) 



'-9 



d(yf=g~C sM ) fd(y/=g£ 



dg 



-sM j 



(12a) 



= 2- 



d(yf=gC vM ) fd(y^gC 



dg 



jlV 



dg^, a 



From (11) we obtain 



Rnv — -^diivR — StvG (T SfiV 



g^V v . 



guvVo — T Vilv ) = —8rcGTs gfl u, 

Tsgiiv = TsfMU ~ g^iu^O ~ T vfiv = TsMgiiv ~~ g^iv^Sg 
TsMg^u = TsMnv — TvMjxv, Vsg = V s + Vq — V v , 



(12b) 

(13a) 

(13b) 
(13c) 



in the S — breaking. It is seen from (13c) that Vs g is independent of V sv . In fact, Kmm (©«) = 
due (u> v ) = in the S — breaking, hence 



^Spmin y^si ^v) ^smin ~\~ Vq Vj min ^smin Vq. 



(13d) 



Tsgiivi TsMgpiv and Vs g are the gravitational energy- momentum tensor density, the gravita- 
tional energy-momentum tensor density without the Higgs potential and the gravitational 
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potential density of the Higgs fields in the S — breaking, respectively. Analogously, from (2) 
and (4) we obtain 



Rfiu — -^9^uR — —8ttG (T Vflu — g^Vo — T Sflu ) = —SnGTyg^, 

TvMg/iu = T v Mixv — TgMfiv, Vy g — V v + Vq — V s , 



(14a) 

(14b) 
(14c) 



in the V — breaking. 

From (1) the energy- momentum tensor density which does not contain the energy- 
momentum tensor of gravitational and repulsive fields can be defined as 



d_ d_ 

~g \da d/3 



dg 



dg^, a 



T Si xv + T Vjxl/ — g^ (V sv + V ) — Tsmhu — g^Vs — T Vtlv = T M „, 



(15a) 



V S = V, + V V + V sv + V = V V = V. (15b) 

In fact, Kmin = V svin i n = due (uj v ) = in the S — breaking, hence Vs m i n = V sm i n + Vq. 

It should be pointed out that only (13) is applicable in the S — breaking, and only (14) 
applicable in the V — breaking. 

It should be noticed from (13) — (15) that the potential energy V sv is different from other 
energies in essence. There is no contribution of V sv to R^ u , i.e., there is no gravitation and 
repulsion of the potential energy V sv . This does not satisfy the equivalence principle. But this 
does not cause any contradiction with all given experiments and astronomical observations 
because V sv = in either of breaking mode. 

It is proved that the necessary and sufficient condition of T^ v = is I M to be a scalar 
quantity' 12 ' . Is and Iy are all scalar quantities, hence 

T& = Ty U y = 0. (16) 
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E. The difference of motion equations of a v-particle and a s-particle in the same 
gravitational field 



The geodesic equations of the present model are the same as the conventional equations, 



i.e., 



cPx* 1 ^ dx a dx 13 



da 2 ali da da 
The field equation can be rewritten as 

1 



R„ v = 8ttG 



T, 



(17) 



(18) 



in the S — breaking. 

In order to compare the equation of motion of a s— particle and the equation of motion of 
a v-particle in S — breaking. We take the Newtonian approximation. Under the Newtonian 
limit, from (17) we have' 13 '. 

nfc . . 1 dgoo 



p^ ~ 

00 " 2dx k) 

x k ~ _ r * ~ --^ 

00 " 2dx"- 



(19) 
(20) 



From (18) we have 



R 00 = 4nG(p s -p v ). (21) 

On the other hand, the approximate value of R 00 can be found from expression of the Ricci 
tensor, After neglecting the nonlinear terms and the terms that are time derivative, one 
finds 



R 



UL oo 



00 



dx a dx° 



f)T a 

Oct _i_ -pa p/3 -pa p/3 

r 1 00 l p a 1 o/3 1 Qa 



r)T k 



dx k ' 



^ 9oo- 



From (21) and (22) we have 



V 2 3oo = 8ttG (p s - p v ) , 
V^oo = 87rGp s , when p v = 0, 



V 2 (-goo) = 8nGp v , when p s = 0. 



Consequently, from (20) and (23) we have 



..k 

x ~ 



1 oo — 



I ggoo 
2 <9x fc ' 



for P s , 



(22) 

(23a) 
(23b) 
(23c) 

(24a) 
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(24a) is the same as (3.2.9) in Ref. [13] , and the equation (246) of motion of a s — particle 
is different from that of a v — particle in the same gravitational field. 

Eq. (24a) and (246) are consistent with observed data. The reasons are as follows. 

A. In the s — breaking, in a s — galaxy p v must be very small and p s must be large. 
Hence the equivalent principle still holds for s — particles, and the gravitational field, the 
equation (24a) and trajectories of motion of s — particles are still the same as those of the 
conventional theory in observed precision. 

B. In the s — breaking, the equation (246) and trajectories of motion of v — particles 
must be different from those of the conventional theory. But it is impossible to observe the 
v — SU (5) color single states by a s — observor in practice, because v — SU (5) color single 
states cannot form dumpling and must loosely distribute in space, and there is only the 
repulsion between s — matter and v — matter. In fact, (246) has only theoretical meanings. 

C. In fact, only the cosmo logical effects of v — matter are important and are consistent 
with the observed data up to now. 

III. SPONTANEOUS BREAKING OF SYMMETRY AND THE GRAVITA- 
TIONAL MASS DENSITY OF THE VACUUM STATE 

A. Spontaneous breaking of symmetry 

Ignoring the couplings of $ s and x s an d suitably choosing the parameters of the Higgs 
potential, analogously to Ref.' 11 '. we can prove from (8) — (10) that there are the following 
vacuum expectation values at the zero-temperature and the tree-level approximation, 

(o \n v \ o) = 0,0 = (o |<&„| o) = = (o IxJ o) = % = o, (25) 

(0|a|0) =n s0 = ^no, (26) 
(0 |$ s | 0) = $ s0 = Diagonal [1, 1, 1, --, -- ) v v0 , (27) 
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(0| X jO) + = Xo = ^| (0,0, 0,0,1), (28) 

^ = 7' / = A -(T^T76)- T (29a) 

Ignoring the contributions of $ s and x s to fi S 0) at the zero-temperature we get 

t 
A ' 



"no = ^ (29b) 



2 2w 2 / Qm 

= 15aT7o^ ' (30) 



^xo = Y Vno ' ^ 
We take A > A > 15w 2 / (15a + 76) + £ 2 /f . From (9)-(10) and (25)-(29a) it can be proved 
that all v — Higgs bosons can get their masses big enough. The masses of the Higgs particles 
exclusive of the $ s — particles and the x s ~ particles are respectively in the S — breaking 

m 2 (Q s ) = 2/x 2 , (32) 
m 2 (Q v )=Av 2 no -fi 2 , (33) 



m 2 ($„) = -av 2 no , (34) 



m 2 ( Xv ) = ^no- (35) 
We can choose such parameters so that 

m (n s ) ~ m (Q v ) > m (<p v ) ~ m (<p a ) > m (x v ) ~ m (xj , (36) 

e.g., m (f2 s ) ~ 10 16 G ! ef, m(tp s ) ~ 10 14 Get> and m (x s ) ~ 10 2 Get>. It is easily seen from 
(32) — (35) that all real components of $ v have the same mass m (<&„), all real components 
of x v have the same mass m (x v ) in the S — breaking. 

The S — breaking and the V — breaking are symmetric because s — matter and v — matter 
are symmetric. Hence when s t> and 5 <=± V in (25) — (35), the formulas are still kept. 
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B. The characters of the vacuum state 

The characters of the vacuum state are as follows. Taking V = —V sm - m at the zero- 
temperature, considering (13d) and V sv = V svg = in the S — breaking and the symmetry 
between s — matter and v — matter, in the vacuum state we have 

Vsgmin = K min fas) + V — Kmin fav) = 0, (37) 
V^min = (V, + V sv ) m . m + V = 0. 

Applying the conventional quantum field theory to the present model, we have p = 
Pso + Pvo ^ 0- Because of the conjecture 1, p s0 = p v0 and p sg0 = —p vg0 - Consequently, we 
have 

PsgO = ~PvgOi PgO = PsgO + PvgO = 0- (39a) 

here p and p g0 are the mass density and the gravitational mass density of the vacuum state, 
respectively. 

According to the our quantum field theory^, 

PsO = Pvo = Po = 0, P g o = °- ( 39b ) 
It is seen that in any case, p g0 = is necessary provided the conjecture 1 is valid. 



IV. EVOLVING EQUATIONS OF SPACE 

A. Evolving equations when curvature factor k is regarded as a constant 

Provided the cosmological principle is valid, the metric tensor is the Robertson- Walker 
metric which can be written 

where k is the curvature factor, k is regarded an arbitrary real constant in the Friedmann 
model. When r — > ar, R — > R/a and k — > k/a 2 , (40) is unchanged. Thus, without 
losing generality, k may be taken as 1, or —1. Here a must be a positive number, hence k 
cannot change from 1 into or —1 by altering a. 
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Matter in the universe may approximately be regarded as ideal gas evenly distributed in 
the whole space when temperature is not very high. The energy-momentum tensor densities 
of the ideal gas are 

T sM ^v = (P s + Ps) U S ^U SU + VsQ^v, (41) 

(42) 

where U afJ , is a 4-velocity, a = s,v. Considering the potential energy densities in (12), we 
can rewrite (41) — (42) and (— g^Vo) as 

T sl xv = [p s + Ps] U^U V + p s g^, (43) 

P 8 = Ps + Vsfas), Ps=Ps-V s (m s ), (44) 

T VIIV = [p v + Pv] U^U U + (45) 

Pv = Pv + V v (zu v ) , Pv = Pv -V v (zu v ), (46) 

-9^V = (p(V )+p(y ))U li U v + g lu/ p(V ), p(V ) = V , p(V ) = -V . (47) 

In fact, V v — due (uj v ) = in the S — breaking, hence J> v = p v , p v = p v . 

Substituting (43) — (47) and the RW metric into (13) and considering (37) and = 
(1, 0, 0, 0) which implies that a medium moves only as expanding of space, we get the Fried- 
mann equations in the S — breaking 

R + k = n [(p s + V S + V ) - (p v + V v )] R 2 = n [p Sg + V Sg ] R 2 = rTp Sg R 2 , (48a) 
Ps g = Ps~ Pv, V Sg = V S + V - V v , p Sg = p Sg + V Sg , n = 8nG/3, (48b) 

R = ~V 1(P S + 3p s ) - 2 (V s + V - V v ) - ( Pv + 3p v )] R. = ~rj (p Sg + 3p Sg ) R 

= -\ 7 l [PSg + 3 PSg - ZVsg] , PSg = Ps ~ Pv, PSg = PSg ~ V Sg . (49) 

Analogously, from (14), (44) and (46), we get 

R 2 + k = n [(p v + V V + Vo) - ( Ps + V 8 )] R 2 = n~ Pvg R 2 , (50) 

R = ~V l(Pv + 3p«) -2(V V + V - V s ) - (p s + 3p s )] R = ~v {Pv 9 + 3Pv g ) R, (51) 
in the V — breaking. 
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In the S— breaking, only (48) — (49) is applicable, and in the V— breaking, only (50) — (51) 
is applicable. 

It is impossible when temperature is low that the S — breaking transforms into the 
V — breaking because of the coupling (10). But it is possible that (u s ) = (oj v ) = when 
temperature is high enough. Thus the transformation 

(w a ) ^ and (w v ) = — > (u s ) = (w v ) = — > (u s ) = and (w v ) ^ (52) 

is possible, i.e., the S — breaking can transform into the V — breaking via the highest 
temperature (see the following). 
From (48) - (49) we obtain 

d [(Ps ~ Pv) R Z ] /dt + R 3 (dVs g /dt) = -(p 8 - p v ) dR 3 /dt + R (dk/ndt) . (53) 

Let p m and p 7 denote the mass density of particles whose static masses are not zero and 
the mass density of photon-like particles, respectively, we have p = p m + p 7 and p = p m + p-y- 
p 1 = p 7 /3 and p m may be ignored when temperature is low. When p m is major and {p s — p v ) , 
dk/r/dt (see the following section) and (dV Sg /dt) may be ignored, from (53) we have 

(Psm ~ Pvrn) ^ = C S , (54a) 

in the S — breaking, here Cs is a constant. In contrast to the conventional theory, it is 
possible Cg > 0, Cs = or Cs < 0. When T s <^ T cr = 2p/\f~\, both m (Q 3 ) and m (Q v ) are 
all very big, hence p sm cannot transform into p vm by (10) . Consequently one has 

p sm R 3 = C s , p vm R 3 = C v , C S = C S -C V . (54b) 

Analogously, we have 

(Pvm ' Psm) R 3 = C v (55a) 
P vm R 3 = C v , p sm R 3 = Cs, Cy = C v — C s , (55b) 

in the V — breaking. 

When photon-like gases are major and dk/rjdt and dVs g /dt may be ignored, after thermal 
equilibrium, p ai ~ p a7 /3, we have 

d [{p sl - p vl ) R 4 ] dt = -V Sg R 4 ~ 0, 

{psy ~ Pvy) R 4 = D s , (56a) 
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in the S — breaking. When the transformation p sy into p vl may be ignored, we have 

p sy R 4 = D s , p vy R 4 = D v , D S = D S -D V . (56b) 



Similarly, one has 



{Pwy ~ Pvsy) R 4 = D V = D S - D v , (57a) 
p VJ R 4 v = D v , p sl R 4 = D s , D V = D V -D S . (57b) 



in the V — breaking. 



B. The evolving equations when K = K(p^ (t, R (i))) 

Provided the cosmological principle is valid, the metric tensor is the Robertson- Walker 
metric, k in (40) is regarded an arbitrary real constant in the Friedmann model. When 
r — > ar, R — > R/a and k — >• k/a 2 , (40) is unchanged. Thus, without losing generality, 
k may be taken as 1, or —1. Here a must be a positive number, hence k cannot change 
from 1 into or —1 by altering a. The R-W metric is undoubtedly right when all gravitation 
masses are positive, i.e. m g = m. In contrast with the conventional theory, according to the 
present model, all p g > 0, = and < are possible. Hence k in (40) should be changeable 
from k — 1 to — 1 corresponding to change of p g from p g > to p g < 0. We consider k to be 
a function of p^ p^ is the gravitational mass density in comoving coordinates, p = p gm + p gi 
can change as R because p gm = p vm — p sm oc R~ 3 and p gi = p vl oc R~ 4 . On the other hand, 
although R = 0, p ^ can also change (see section 8.7). This is because the repulsive potential 
energy is chiefly transformed into the kinetic energy of color single states. Hence we have 
k^K(t) = K(p g (t,R(t))). 

R 2 + 3K = 8nGp a R 2 + - (58) 

3 R 



R 



-ATTG {Pg+P g ) 



K 



R-l™. (59) 
6 K 



. 2 

3r 2 K RK 



K+ w^) +3 ^r-°- (60) 



We discuss the evolving equations as follows^. 
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1. When K ~ 0, from (60) we have 

--4 <«> 

Substituting (61) into (58) - (59) , we get the Friedmann equations (48) - (49) or (50) - (51) 
anew. Hence the equations are self-consistent. Thus, when K ~ 0, we can still determine 
R (t) by (48) - (49) or (50) - (51) . 

K ~ is possible. Because K (yP^J is a monotone and finite function of p ^ and dK/dp^ > 

0, it is necessary when p^ 3> or p^ <C 0, K (t) slowly changes so that K ~ 0. In fact, 
considering p^ to be the gravitational mass density in the comoving coordinates, we have 

(p gm + P 91 )R 3 Ri , an , 

P 9 (*) = R f = P 9 ml + P^-R- ( 62 ) 

When | p I ' P gml Ril 'R 1) P g (t) ~ P flm (ti) so that K ~ 0. From the conjecture 3, we can 
also determine only when p^ (t) ~ so that K (^P g ^ ~ 0, K is important. Because K (^P g ^ 
is a monotone and finite function of p^ K (p^ = j = and dK/dp^ > 0, it is necessary 
K (p^j > when p g > and K (p^J < when p^ < 0. When p^ > or p g < 0, we will 
regard if as a constant, e.g. if = 1 for p^ 3> and K — — 1 for p^ <C 0. 

2. When # — >■ 0, from (58) - (59) we have 

R = 0, if = rp^i? 2 , (63a) 
i?=-|(p 5 + 3p g )i? 



tiR 3 ( R\ \ 

(p fl + pj i? = ^p sml + 2p 97l -^-J • (63b) 



This is similar to the conventional theory only when p g > 0. According to present model, p g 
and p g + p ff7 = or < are possible as well. Thus, the present model is different from the 
conventional theory. 
3. When 

.R 3 / R \ R 3 / \ 

Pg = Pgm + P 91 = J± [p gml + Pg^j = ^Pg = 80 that K {Pg) = °, ( 64 ) 

(58) - (59) becomes 

P 2 2RRK \ 
R = - — : — , (65a) 

6 K 
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r = -\p 91 r ~rf = -% R - lit < °- ( 65b ) 

This is because only when p gm < 0, it is possible that p gm + p gi = 0. Hence p gi > 0. It 
is seen that although p g — K — 0, it is still possible R > and R < 0. In the case space 
expands with a deceleration. This is different from the conventional theory in which when 
p g = k = 0, R = R = is necessary. It is seen that when p g ~ and K ~ 0, K must be 
considered. 

4. Although if is a function of r when if ~ 0, p g and i? are still independent of r' 9 l 

5. In the S — breaking, p s can transform into p v because of dK/dt < when p s ~ p v . 
After reheating, in fact, dV g /dt ~ 0. It is necessary that p s = p sm + p sy ~ at some a 
time, because p sm a i?~ 3 , p S7 a i?" 4 , and p sm < p v = p vm a R~ 3 . When p s ~ p v , K ~ 0, 
(9if / <9t < is marked and the universe is matter-dominated so that p s — p v may be ignored. 
Consequently from (53) we see 

d [(p s - Pv ) R 3 ] /dt = R (dK/rjdt) < 0. (65c) 

This implies p s can transform into p v because of dK/dt < when p s ~ p v . In fact, in this 
stage, s — galaxies can be fast formed and (65c) holds. 



V. TEMPERATURE EFFECT 
A. Two sorts of temperature 

The thermal equilibrium between the v— particles and the s— particles can be realized by 
only (10) . The Higgs bosons are hardly produced because the masses of the Higgs particles 
are all very big at low temperature. Consequently, the interaction between the v — particles 
and the s — particles may be ignored so that there is no thermal equilibrium between the 
v — particles and the s — particles. Thus, when temperature is low, we should use two sorts 
of temperature T v and T s respectively to describe the thermal equilibrium of v — matter and 
the thermal equilibrium of s — matter. Generally speaking, T v ^ T s . When temperature 
T s is so high that (Q s ) — > in S — breaking, the masses of s — Higgs bosons will tend 
to zero (see below). On the other hand, because (Q v ) = in the S — breaking, m(Q v ) , 
m (Q v ) and m (x v ) wm t en d to zero as (Q s ) tends to zero as well. Consequently Q s , $ s and 
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X s can be enormously produced and easily transformed into Q v , and \ v by the couplings 
in (10). Other v — particles can be easily produced by the couplings of v — SU(5) as well. 
Consequently thermal equilibrium between the v— particles and the s— particles will appear 
provided T s is high enough.. In the case, contraction of space will stop and inflation must 
occur. Thus there must be the highest temperature T max . 



B. The influences of finite temperature on the Higgs potential 

1. Effective potentials 

The influence of finite temperature on the Higgs potential in the present model are con- 
sistent with the conventional theory. For short, we consider only Q a and ip a , a — s,v. When 
X a is considered as well, the following inferences are still qualitatively valid. For 

v(n s ) = -^n; + 

to ignore the terms proportional A™, n > 1, the finite-temperature effective potential ap- 
proximate to 1-loop in flat space is' 14 ' 15 ] 

V$7 P.*) = ~\ (, 2 - ~ 4 Tl) nl + fi- + £lf. (66a) 

Considering the influence of the expectation values vq v (T s , T v ) , v vs (T s , T v ) and v vv (T s , T v ) 
and ignoring the terms irrelevant to Q s , we have 

V$? (n„ T„ T v ) = -\& (Ts) tf s + ±T?„ (66b) 

A 15 

H 2 8 (T s , T v ) = /i 2 - -T 2 - Av^ v (T s , T v ) - — (av* v (T s , T v ) - wv* a (T s , T v )) . (66c) 

In the S - breaking, v Qs (T s ) ^ 0, v va (T„ T v ) ^ 0, and v Qv (T„ T v ) = Vipv (T s , T v ) = 0. From 
(666, c) we find 

vl s (T„T V ) = /i 2 (T S ,T V ) /A, when /i 2 (T„T V ) > 0, 

vq s (T s , T v ) = 0, when /i 2 (T s , T v ) < 0. (66d) 

Similarly, for Vt v we have 

V e f f T (ti V: T s , T v ) = (T s , %) ti 2 v + (67a) 
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A 15 

H 2 V (T s , T v ) = /i 2 - Av^ s (T s , T v ) - -T 2 - — (av 2 ^ (T s , T v ) - wv% v (T s , T v )) . (67b) 

V L ( T s> T v) = nl (T„ T v ) I A, when /i 2 (T s , T v ) > 0, 

v nv (T s , T v ) = 0, when /i 2 (T s , T v ) < 0. (67c) 

In the S — breaking, because of (10) , it will be proved (see section 5.3) 

l4 {%) < 0, and v nv (T s , T v ) = 0. (67d) 

For 

V(*.) = Qafi 2 - Tr$ 2 + \a(Tr& s Y + l -bTr^ (68) 

ignoring the contributions of the Higgs fields and the fermion fields to one loop correction and 
only considering the contribution of the gauge fields to one-loop correction, when Tp s <C kT, 
k is the Boltzmann constant, the finite-temperature effective potential approximate to 1-loop 
in flat space is I 14 ' 

V$? fo, T.) = Vfa) + Btf (in ^ - f ) + CTM - g (kT s f , (69) 

where B = (5625/1024-7T 2 ) g 4 , $ s = Diagonal (l, 1, 1, — |, — |) Tp 8 . In general, w and a < 
A ~ g 4 < C = (75/16) (kg) 2 . We take w ~ a for simplicity, a is a parameter at which the 
renormalized coupling-constant A is defined, 

Only considering the contribution of the expectation values of Vt s and Q v to v}jj T (~ip s ,T s ) , 
taking (15/16) (15a + 76) = (11/3)5, and ignoring the term (kT s ) 4 unconnected with Tp v , 
from (8) , (68) - (69) we have 

V$f fo, T s , T v ) = A 2 S fa, T s , T v ) y5 2 + Bif s (in ^ - I) , (70a) 

A\ fa, T s , T v ) = {v 2 nv (T s ) - v 2 Qs (T.)) + CT 2 (70b) 

Similarly, we have 

V$f fa T w ) = A\ fa, T s , T v ) lf 2 v + Bt v (in M _ , ( 7 la) 

A 2 fo,, T s , T B ) = K . ( T *) - V L (T s )) + CT 2 . (71b) 
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2. Critical temperatures and masses of the Higgs particles 



The critical temperature T Stipcr is such a temperature at which the minima are degenerate, 
Le -' Kz/min (<P s , T s,vcr) = v£f (v vacr ,T a>tpa ) = V^f (0,T s>ipcr ) = 0. In other words, (<p a ) = 
v vs ^ when T s < T S:ipcr , and v vs = when T s > T s ^ cr . T, %ipcr and A 2 V (ip v ,T s ,T v ) can be 
determined from (70) by that when Tp s = v<p Scr 



V#f fa, T^ cr ) = 0, ^K/T fa, Ts^cr) = 0. 



(72) 



tpscr 



v 2 e~ 1/2 , Al T (<p a ,T.,T v ) = Bo*e- 1 '*, 



T^ cr (T S ,T V ) = [Ba 2 e^ 2 + (15/4) (wv 2 ns (T S ,T V ) - av 2 nv (T S ,T V ))} /C. 



(73a) 
(73b) 



In the S — breaking, w v = = 0. Considering v^g = when T s = T Sjipcr and C > A, and 
taking Ba 2 e~ 1/2 < fi 2 , we find 



T s>t pcr (T s , T v ) — 



B(7 2 e -l/2 + 15« 2 

4 A 



/|C + Ha)<^ 



(73c) 



When T s > T Sj(pcr , 



m 2 (^,T S ) = 2 



-^m4(T s ) + CT s 2 



(74a) 



where m (ip s ,T s ) is called the effective mass of ip s which implies that the temperature effect 



is considered. When T s < T Sjipcr 



v vs (T s , T v ) + 0, \/ ( ;f min (<p„ T s , T v ) = V e ( ;>/ ( VipB , T s , T v ) < 0, 
m 2 ( Vs , T s ) = 15wv 2 ns (T s , T v ) - 4CT 2 + 8Bv 2 (T s , T v ) . 



(1)T 



Similarly, from (71) we have 



v% = a 2 e^ 2 , A 2 vcr (lp v , T s , T v ) = Ba 2 e^ 2 , 



(74b) 



(75a) 



T 2 ^ cr (T s , T v ) = [Ba 2 e- 1 ' 2 + (15/4) a (v 2 nv (T s , T v ) - v 2 Qs (T s , T v ))} /C. (75b) 

In the S — breaking, vq, v (T s ,T v ) = (T s , T„) = 0. Considering C > A, and taking 
Ba 2 e~ l/2 < fi 2 , we find 



Ty ;t pcr {Tsi Ty) 



■ v,ipcr max 



Ba 2 e^ 2 -J 2 + ^< (T s , T v ) 



(T S ,T V ) = Bo- 2 e- 1/2 /C < Ba 2 e~ 1/2 /X < /i 2 /X. 



/C, (75c) 
(75d) 
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can 



T^^cr — implies v vv (T s , T v ) = 0. Tjf will increase from to B^e^ 1 / 2 as vq s (T s ) decreases 
from V(i s (0) to due to (756) . In the case, it seems T 2 < Bo 2 e~ x l 2 so that v^ v (T S ,T V ) ^ 
to be possible. In fact, this is impossible for the space-contraction process. In the case, 
it is necessary T 2 ~ p 2 /^ due to vq s (T s ) ~ 0. Hence Q s and Q v or (p v , and ip s and fl v 
transform from one into another by (10) and T v /T v i = Ri/R = T s /T sl . Consequently 
> s ~ p v and T v — > T s > T^ cr so that v vv (T s , T v ) = (see below). Hence in the S — breaking, 
'<pv (T s , T v ^j 0. 
When T v > T V:ipcr , 

v vv (T s , T v ) = 0, \///min fo, T s , T v ) = V$ f T (0, T s , T v ) = 0, (76a) 
"15 



m 2 (<p v ,T v ) = 2 



^av 2 Qs (T s ) + CT 2 



(76b) 



In fact, only when vq s (T s , T v ) ~ 0, v^ v (T s , T v ) ^ due to (10) . Hence when T v < T Vjipcr , 

m 2 (<p v , T v ) = -15m4 (T s ) - ACT 2 + 8Ba 2 v 

= -ACT 2 + 8Ba 2 v . (77) 

In fact, in general, the case cannot emerge, because when v ns (T s ,T v ) ~ 0, T s is very large. 
Hence p s and p v can transform from one into another so that T v ~ T s . Thus T v < T Vtipcr 
cannot emerge. 

If vn s (T s ) = = v nv (T v ) , 

T^ cr = T 2 ^ cr = T 2 cr = Ba'e-^/C. (78a) 

It is obvious 

1 1 sniper ^* -^cr > T v ^ cr , when v ns (T s ) ^ 0. (78b) 

In the S - breaking, when T s > p/V\ > T S)ipcr , v vv {T S ,T V ) = v^ s {T S ,T V ) = v nv = 0. 
Thus the critical temperature T^ cr = T cr is determined by (66c) 

T = — > T (791 

- 1 cr s,tpcri ■ v / 



Thus, when T s > T cr , 



(T s ) = 0, K/fmin (a, T.) = K/T (0, T.) = 0, (80a) 
m 2 {Tl s ,T s ) = l -XT 2 -2p 2 , (80b) 
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when T s < T c 



cr 



L (T„T V ) = n 2 s (T S ,T V ) /X > 0, V$ fmin (Q S ,T S ) = - ^'^ (80c) 



,2 \ o..2 



m 2 (n s ) = 2p 2 s (T s ,T v ). (80d) 

When p 2 v (T s ,T v ) < 0, v Qv (T s ,T v ) = 0, and when p? v {T s ,T v ) > 0, v nv (T s ,T v ) ^ 0. 
Considering i>q s (T s ) = when T s = T cr , from (67a, b) we find 

Tycr -^~cr* (8 let) 

When T„ > T cr , 



^ (r.) = o, KV/ mi n {nv,T v ) = KV/ (OX) = o, 
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(^,T S ) = -AT 2 -2p 2 . (81b) 

In the S — breaking, when vq s (T s ,T v ) — > 0, it is necessary T 2 — > 4/i 2 /A. In the case, p s 
and p^ can transform from one into another and 

T v /T vl = Ri/R = T s /T sl , 

hence T 2 — > T 2 ~ 4p 2 /A. Consequently there still is p 2 v {T s ,T v ) < 0. Hence in the S - 
breaking, when T v < T cr , there still are 

v nv (T s , T v ) = 0, V e f f T min (U v , T s , T v ) = V}jf (0, T s , T v ) = 0, 
m 2 (H„ T s , T v ) = -2/i 2 (T s , T v ) . (81c) 

C. p s and p v transform from one into another when T s — y T cr so that p s - p v — > 

In the s — breakng, we consider the space contraction process. In low temperatures, 
Vs g ~ 0, p sm ^> p sl , and the masses of all v — colour single states are not zero, i.e., 
p vl = 0. Thus p sm and p vm are major. p_ Sg = ~P_ S ~P_ V = Ps ~ Pvm > so that space can 
contract. According to the conjecture 3 and the discussion about (61), K > and K ~ 
when ~p s = p — p ^> so that (48)- (49) are still applicable. 

When T s <C T cr , the transformation p s into may be ignored. From (54) one can rewrite 
(48)-(49) as 

■ 2 C 
2R 2 ' 
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where Cs = C s — C v > 0, C a = p a (T a ) R 3 (T a ) , a = s,v and T a <C T cr . It is seen that space 
will monotonously contract faster and faster. 

T s must go up high as R decreases, because the non-zero momentum of a free particle 
p oc 1/R(t), Ap A x > 1 and p rn oc 1/R 3 (t). 

When T s and T v are high enough so that masses of particles may be ignored, if the 
transformation p s into p v may still be ignored, from (566) and (576) we have 

2 

Pa (T a ) R 4 (T a ) = D a , p a (T a ) = ^g*X, T a R(T a ) = (30D a /7r 2 g:) 1/ \ a = s,v, (82) 

where g* = g a B + 7g a F/8, 9aB (9o,f) is the total number of the spin states of a — bosons 
(a — fermions) . Considering s — matter and v — matter are symmetric, we have 

9s = 9sB + 7Qsf/8 = 9* v = 9vB + 7g vF /8 = g*. (83) 

It is seen that space contraction will cause T s and T v to rise. If T s and T v are high enough 
and the transformation p s into p v cannot be ignored, there will be p s ~ p v and T s ~ T v . 
This is a expected result. 

If there is only one sort of matter as the conventional theory or p s and p v cannot transform 
from one into other, space will continue to contract and T s and T v will continue to rise 
provided J)s g R 2 — K > 0. In fact, in this case, space will contract to a singular point and T s 
and T v tend to infinite. 

In contrast with the conventional theory, when T s and T v are high enough, p s and p v can 
transform from one into another by (10) i.e., 

Q s + Q s Q v + fl v , Q s + Q s ^ Lp v + tp v , Lp s + Lp s ^Q v + n v , 

so that 

T S =T V = T, p s (T s ) = Pv (T v ) = p (T) = i?*T 4 , 
Ps 9 = Ps (T s ) - Pv (T v ) + V s + V - V v = V . (84) 

The expectation values v s n, v v q, v^ s and v vv will tend to zero when T s ~ T v > T cr because 
of (79) , (73c) , (75) and (78) . Consequently, the masses of all particles which originating 
from the couplings with v s n, v v n, v vs and are zero. Thus, the a — Higgs particles and 
the a — fermions or the a — gauge particles can transform from one into another by the 
a — SU (5) couplings so that the a — Higgs particles can enormously emerge (a = s,v). The 
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s — Higgs particles and the v — Higgs particles can transform from one into another by the 
coupling (10) so that the thermal equilibrium between s — matter and v — matter comes 
into being. After thermal equilibrium, the number and the energy of every sort of particles 
will satisfy statistical distribution determined by their spins. Thus we prove that (84) is 
a necessary result of space contraction because of (83) . It is seen that when T > T cr , i.e., 
v s n = v v n = = Vtp V = 0, s — matter and v — matter are completely symmetric, and both 
s — SU (5) and v — SU (5) strictly hold water. 

It is seen the end of space contraction is in the most symmetric state in which (u> v ) = 

M = o.. 

(oj v ) = (oj s ) = is the sufficient but is not the necessary condition for (84). In fact, 
provided the following conditions can be realized, (84) can come into being when T s and 
T v < T cr as well. 

A. m (u a , T v , T s ) ~ m (/„, T v , T s ) or m (g a , T v , T s ) , or temperature is high enough so that 
u) a can enormously emerge. Here f a and g a denote fermions and gauge bosons, respectively. 
m(f a ,T v ,T s ) and m (g a ,T v ,T s ) are small. Thus fl a or ip a and f a or g a can transform from 
one into other by the SU (5) couplings. 

B m (uj s , T v , T s ) ~ m (u v , T v , T s ) . Thus, u s and u> v can transform from one into other by 
(10) 

The two conditions can be realized as well when T s ~ T v < T cr . 

From (80c?) and (81c), in the S — breaking we can rewritten m 2 (Q V: T V ,T S ) as 

m 2 (Q v , T v , T s ) = -2n 2 v (T v , T s ) 

= {j~ 1 ) m2 (fis ' Ts ' Tv) ~ \ W _ T ') + 30a _ ^) • (85a) 
When T sipcr < T < T cr , v vs = v vv = 0, m 2 (Sl 8 , T v , T s ) — > as T s — > T cr , and 

m 2 (Q v: T v , T s ) = (± - lj m 2 (Q s , T s , T v ) - ± (T 2 - T 2 ) . (85b) 

In the S — breaking, m 2 (Q s , T s ) > and T s > T v when T s < T cr and space contracts. Hence 
when m (Q v , T v , T s ) ~ 0, it is necessary m (Q s ) > m (Q v , T v , T s ) ~ 0. In fact, if A (T 2 — T 2 ) /2 
in (856) is very large, \T 2 /2 is definitely very large, e.g. T 2 < 4/i 2 /A. Consequently, because 
of (79c) and (66c) , m (Q S ,T S ) is definitely very small and A/A 3> 1. This case satisfies the 
two conditions A and B above. If A (T 2 —T 2 ) /2 is very small, m 2 (Q, S ,T S ) must be less 
than \ (T 2 -T 2 )/2 provided (A/A - 1) > 1. When m 2 (Q V ,T V ,T S ) = 0, m 2 (Q S ,T S ) > 
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because T 2 - T 2 > 0. Hence m (Q s , T s ) > m (Q v , T v , T s ) when m (Q v , T v , T s ) — > 0. It is seen 
provided m 2 (£l v ,T v ,T s ) ~ 0, m(£l s ,T s ) is definitely very small and the conditions A and 
B above are definitely satisfied. Thus, Vl s and ip s can transform into Q v by (10) so that T v 
and p v increase. Hence (84) can come into being, and fi 2 (T V ,T S ) < in the S — breaking 
when T s and T v < T cr as well. Thus we prove (67 d) to be valid. When Vq s (T s ) continues 
to decrease to zero as T s rises to T cr due to space contraction, vq s (T cr ) = vq, v (T ct ) = and 
m(Q v ,T v ,T s ) = m(Q s ,T s ) = 0. 

Even x s an d X v are considered, the above conclusions still hold water qualitatively. 



VI. SIMPLIFICATION OF THE HIGGS POTENTIAL 

If we only discuss space inflation of the present model, the Higgs potentials (8) — (10) 
can be simplified as follows. 

V s = (Tr$ 2 ) + \a (Tr<t> 2 ) 2 + \bTr (<[>*) - 1 ? (Tr<t> 2 ) X fx s + \i {x + s X s f , (86a) 

K = (Tr$ 2 ) + \a (Tr& v ) 2 + \bTr - 1 ? (Trd> 2 ) X + V X V + \t {xtx v f , (86b) 
V sv = (Tr$l) Tr$ 2 v + 1/3 (Tr$ 2 ) x + x , + 1/3 (Tr$ 2 ) X + Xs . (86c) 

Because of (86c) , the breaking mode can only be the S— breaking (va s = v s (T s , T v ) , vo v = 0) 
or the V — breaking (w v = v v (T S ,T V ) , zu s — 0) . For simplicity, we only consider the V — 
breaking and ignore x v an d Xs f° r a time. 

K?f fa, T s , T„) = 1 (-/i 2 + avj. + 2CT 2 ) Jpl + 5^ (in _ , ( 87 a) 

K ( /T T » T v) = \ (V + + 2CT S 2 ) f + (in - 1) , (87b) 
The critical temperatures and the effective masses are determined by 

T 2 vcr = (Ba 2 e- 1 ' 2 + /i 2 /2 - av 2 j2) /C, (88a) 

T 2 scr = (Ba 2 e- 1 ' 2 + /i 2 /2 - av 2 j2) /C. (88b) 

m 2 (ip v , T s , T v ) = 2 (/i 2 - a^J s - 2CT 2 ) + 85^, when T vv < T^ vcr , (88c) 

m 2 (<p v , T s , T v ) = (-fi 2 + av% s + 2CT 2 ) , when > T^ cr , (88d) 

(<p s , T s , T v ) = 2 (/i 2 - olv% v - 2CT 2 ) + 8Bvl s , when T^ < T vscr , (88e) 

(p a , T s , T v ) = (-fi 2 + av% v + 2CT 2 ) , when T^ > T vscr . (88f) 



m 
m 2 
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Substituting (*v (T s , T v ) ± 0, v va (T s , T v ) = 0) or (v^ v (T S ,T V ) = 0, Vtpa (T s , T v ) ± 0) into 
(88) , we obtain the critical temperatures and the effective masses in the V — breaking 
or in the S — breaking. There is no influence of (f s to v}jj T (ip v ,T s ,T v ) because zu s = in 
the V — breaking. Hence the potential (86), in fact, is equivalent to the SU(5) potential 
discussed by Ref. [14, 15]. 

When temperature descends due to space inflation so that T v < T vcr , V^ min (jp v , T s , T v ) = 
v}jj T (v v (T s , T v )) < 0, V^jYmm (Psi T s , T v ) = 0. In the case, there is space inflation in the slow 
roll approximation. The duration r ~ 1/T b (T b ~ 10 8 Get>) of inflation has been estimated 
by the Ref. [15]. 

The difference between (86) and (8) — (10) is the following. 

The minimum V^ e ^ min (jp v ) is the absolute minimum at the zero-temperature in the 
V — breaking according to (86). In contrast to (86) , according to (8) — (10) , V„ e // m in (JPv) 
is not absolute minimum at the zero-temperature in the V — breaking, but V^Jj mhl (yi v ,Tp v } 
<C ^e//min OPv) * s the absolute minimum at the zero-temperature. We will see (8) — (10) 
has more important significance. 



as 



A. Change of w from > to < — 1 and q 

In the inflation period (see Section 7.1, (103)), p g = and V g = V . (51) can be rewritten 

f = -|(^o-3V ). (89) 
After reheating, V g = 0. In the V — breaking, 

~« [(Pvrn + P V1 + 3Pvm + 3p„ 7 ) - {p sm + p s ^ + 3p sm + 3p s7 )] 



R 



-|[p + 3p], (90) 



where 



P Pvrn Pvy? 

P=Pvm + Pv-f ~ Psm/3 - Ps 7 / 3 - Psm ~ Ps-y, (91) 

p is the conventional positive mass density, and p is the effective pressure density relative to 
p. When the evolution equation is in the form (90) , w is defined as 
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w = p/p. 

Thus, in the inflation period, from (89) we find 



(92) 



w = -1. (93) 

For (90) we have 

Pvm ~r Pv^f Psm 

/3-p /3- 

" Psm Psy , . s 

W = ■ (94) 

Pvm Pvy 

The static masses of all color-single states are non-zero, hence p SJ = 0. In the early period 
after reheating, temperature is very high so that the masses of particles may be neglected, 
Pvm ~ Pvm/3, Pvy ~ and p sm ~ p sm /3. Consequently, 

Pvm Pv-y ^Psm . n /nr\ 
W — ; r— > 0. (95) 

6 [Pvm ' Pvf) 

From (65c) and section 8.7, we know p sm / p vm is changeable. If after some a time, 

3p„ m , (96) 



considering p 7 oc R 4 and p m oc R 3 , when R is large enough, p vl ~ and temperature is 
low so that p vm ~ and p sm ~ 0, from (94) and (96) we have 

w „ Z^EfUL „ _i. (97) 

dPvm 

It is seen that w can change from w > to w ~ - 1 according to the present model.. 

According to the simplified Higgs potential (86) , in the slow rolling approximation, we 
can get the results similar to (93) and (96) — (97) . 

In fact, space inflation or expansion with an acceleration is independent of the slow 
approximation, and w is not important for the present model. Although there is no slow 
approximation, space inflation can be explained because V g = Vq in the inflation process 
and the parameters a and w in (8) — (10) are so chosen that a > w. Although V g = after 
reheating, space expansion with a deceleration or an acceleration can still be explained by 
the present model. 



q is defined as 



RR = -K/R* + y(p g + V g ) 
R 2 r ] ( Pg /2 + 3 Pg /2~V g )- 
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When £l s = il v = (or Tp s — Tp v — according to the simplified Higgs potential (86)), 
P v = Ps? Pv = Ps, V s — V v , K ~ 1, R > R min to be finite and V g — V > -K/R 2 . 
Consequently, 

q ^ Z K / *±lK<_ 1 .. (99) 

After the reheating, V v ~ — V , Vg = 0, and V g — V v + V — V s — 0. When p g = p v — p s > 0, 
p v > p s and -K/R 2 + r?p 9 > 0, 

-K/R 2 +r) Pg 

l Jll > 100 

VPg /2 + 3p g /2 y } 

where K ~ 1 due to p g > 0. 

When p g = 0, K = 0, from (65) we have 

9 =-™ = ^4 (10!) 

When p 9 < 0, K ~ -1. Considering p g = p mg + p 79 , p mg oc i?" 3 , p 7fl a R~ A , p g may be 
neglected and —K/R 2 + r\p g > when R is large enough, we have 

-K/R 2 + V p g 

In the case, space expands with an acceleration, although V g = 0. 

VII. CONTRACTION OF SPACE, THE HIGHEST TEMPERATURE AND IN- 
FLATION OF SPACE 

On the basis of the cosmological principle, if there is the space-time singularity, it is a 
result of space contraction. Thus, we discuss the contracting process and find the condition 
of space inflation. From the contracting process we will see that there is no space-time 
singularity in present model 

We do not consider the couplings of the Higgs fields with the Ricci scalar R for a time. 
We will see in the following paper that the following conclusions still hold water when such 
couplings as £,Rfl 2 are considered. In fact, £i? ^Q 2 S — = because there is the strict 
symmetry between s — matter and v — matter when T > T cr . 

We chiefly discuss change of (Q, a (T a )) and (<p a (T a )) as temperature, a = s,v, in the 
contracting process of space for short. When (x a (T a )} is considered as well, the inferences 
are still valid qualitatively. 
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A. Contraction of space, proof of non-singularity, the highest temperature and 
inflation of space 



Proof. There no singularity of space-time in the present model. ■ 

1. The end of space contraction is in the most symmetric state in which (u> v ) = (u s ) = 0, 
T s = T v and p s = p v so that p Sg = V 

This has been proved in section 

2. There is no singularity in the present model on the basis of the cosmological principle. 
If space does not contract because R > or ~p Sg = 0, it is necessary that there is no 

space-time singularity. Provided space contract because J> Sg = 0, T s and T v must rise. 
When T S ~T V > T cr = fi/y/X, (cu v ) = (w a ) = 0, the masses of all particles which originate 
from the couplings with w s and w v are zero. Consequently p s and p v can transform from 
one into another. Thus p s = p v , T s = T v and J> Sg = Vq, i.e., the most symmetric state comes 
into being. In the state, both the s — SU (5) and the v — SU (5) are strictly kept. In the case, 
from the conjecture 3 and the discussion about (61) , we may take K — 1. Thus (48) — (49) 
is reduced to 

. 2 

R = -i + r] V R 2 , (103a) 

R = riV R. (103b) 

Consequently space inflation must occur and temperature will fast descend. 
Let R cr = R (To.) ■ If 

. 2 



R cr = -1 + rjVoRl > 0, i-e. R cr > y/l/Wo, (104) 

R can continue to decrease with a deceleration or stop contracting. Hence there must be 
the least scale i? m i n < R cr , the critical temperature T cr , the highest temperature T max and 
the largest energy density p max , 

Rmin = Vl/Wo < Rcr, T r = 2/x/VX, (105a) 
-^max T (-Rmin) T cr R cr j -R m j n ^ T CT) (105b) 

Pmax = Ps max + Pv max = 2 ^9*Cx. and Pmax = Pmax + V 0- (W5c) 
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Thus, when R decreases to -R mm , and space inflation must occur, 

R= J -J- cosh ^/Wo(t-t FI ) = J-^r cosh// (t-t FI ), ^/W = H, (106a) 
V V v o V V v o 

/? m in, when t = t F i (106b) 



rjV6 



~- x —expH(t-t FI ), when H (t - t FI ) » 1, (106c) 
2 V rjVo 

where y/nV = H is the Hubble constant at t > tpi- t F i is just the last moment of the world 
in the S — breaking and the initial moment of the world in the V — breaking. R m i n and T cr 
are two new important constants, and T max and p max are determined by R cr . It is seen that 
all R, T and p must be finite in the case. (566) is considered in (1056) . The meanings of 
the parameters are that when T = T cr , (u s ) = (ou v ) = and R = R cr , and when R = -R mm , 
T = T max or p = p max and R = 0. 

We know that the duration of inflation r may be long enough for inflation (see below 
(88)). After r, R has a large enough increase. 

(104) is the condition of space inflation. Because the masses of all particles which originate 
from the couplings with (uj s ) or (w„) are zero and p s = p v when T > T cr , considering (566) , 
we have 

7T 2 

P S R 4 = PscrR 4 ( T cr) =D S = D v = Pv R 4 = Pvcr R 4 (To) , Pa = 3Q0* T a ' 
Pscr = Pvcr = Per = ^9*^ r = ^9*^, ^R* = T%R' (T cr ) . (107) 

Thus, when T ~ T cr , from (118) we can rewrite the condition of inflation (104) as 

here V = /i 4 /4A and K — 1 is considered. Thus, when D s > D cr , there must be space 
inflation. 

If R (Tcr) < yjl I nV or D s < D cn this implies that R — already occurs before R 
contracts to R(T cr ) or T s rises to T cr , i.e., R mm > R(T cr ) and T (R m - m ) = T max < T cr . 
Consequently T cr and R (T cr ) cannot be arrived and there still are (u s (T s )) ^ and (w„) = 0. 
In the case, all /? m i n , /"max, P g , P s an d P v mus t still be finite because of the cosmological 
principle, i.e. there is no space-time singularity. In the case, it is necessary 

R = 0, R > 0, when R = R min , 
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because -R m i n is the end of contracting R. In the case, when R > R m in, the evolving equations 
are still (48) — (49) and space will expand still in the S — breaking mode, but space inflation 
cannot occur. 

To sum up, we see that in any case of the contracting process, there must be -R m i n > and 
the finite T max . Because of the cosmological principle, all p s , p v , J> Sg =J> S —J> v and p ^ p/3 
are finite because of the cosmological principle. Hence Ts SfJ , u , Ts Vflu and Ts SfJ ,u — Ts Vflu must 
be finite due to (43) — (47). Substituting the finite T Ss ^ — Ts Vflv into the Einstein field 
equation (13) , we see that R^ and g^ u must be finite. 

Thus, we have proved that there is no singularity in present model. 

In fact, when ~p g = J> v — J> s = Vq, (103) is consistent with the Lemaitre model without 
singularity in which p g = 0, k — 1 and the cosmological constant A e // > 0' 16 l 

B. The result above is not contradictory to the singularity theorems 

We first intuitively explain the reasons that there is no space-time singularity. It has been 
proved that there is space-time singularity under certain conditions^. These conditions 
fall into three categories. First, there is the requirement that gravity shall be attractive. 
Secondly, there is the requirement that there is enough matter present in some region to 
prevent anything escaping from that region. The third requirement is that there should be 
no causality violations. 

Hawking considers it is a reasonable conjecture that p g > and p g > 0^. But this 
conjecture is not valid. The gravitational mass density p g = p s — p v > 0, = or < are all 
possible in the present model. 

It is necessary p g = p s — p v = because p s and p v can transform from one to another 
when T > T cr . It is seen that p g does not increase not only, but also decreases to zero when 
T > T cr . Hence the second condition is violated. 

The key of non- singularity is that there are s — matter and v — matter with opposite 
gravitational masses and both can transform from one to another when T > T cr 

We explain the reasons that there is no space-time singularity from the Hawking theorem 
as follows. S.W. Hawking has proven the following theorem' 1 '. 

The following three conditions cannot all hold: 

(a) every inextendible non-spacelike geodesic contains a pair of conjugate point; 
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(6) the chronology condition holds on fi; 

(c) there is an achronal set 1 such that E + (%) or E~(%) is compact. 

The alternative version of the theorem can obtained by the following two propositions. 

Proposition l^: 

If R a bV a V b > and if at some point p = 7(si) the tidal force R abc( iV c V d is non-zero, 
there will be values so and S2 such that q = 7 (so) and r = 7 (s 2 ) will be conjugate along 
7 (s), providing that 7 (s) can be extended to these values. 

Proposition 2^: 

If R ab V a V b > everywhere and if at p = 7(^1), K a K b K[ a R b ] cd [ e K ^ is non-zero, there will 
be v and i> 2 such that 5 = 7 (t>o) and r = 7 (t> 2 ) will be conjugate along 7 (t> ) provided that 
7 (f ) can be extended to these values. 

An alternative version of the above theorem is the following. 

Space-time (/i, g) is not timelike and null geodesically complete if: 

(1) R ab K a K b > for every non-spacelike vector K. 

(2) The generic condition is satisfied, i.e. every non-spacelike geodesic contains a point 
at which K[ a R b -\ cd [ e K f]K c K d 7^ 0, where K is the tangent vector to the geodesic. 

(3) The chronology condition holds on /i (i.e. there are no closed timelike curves). 

(4) There exists at least one of the following: 

(A) a compact achronal set without edge, 

(B) a closed trapped surface, 

(C) a point p such that on every past (or every future) null geodesic from p the divergence 
■d of the null geodesies from p becomes negative (i.e. the null geodesies from p are focussed 
by the matter or curvature and start to reconverge). 

This theorem is an alternative version of the above theorem. This is because if fi is 
timelike and null geodesically complete, (1) and (2) would imply (a) by above propositions 
1 and 2, (1) and (4) would imply (c), and (3) is the same as (b) . 

In fact, R ab is determined by the gravitational energy-momentum tensor T gab . According 
to the conventional theory, T gab = T ab so that the above theorem holds. 
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In contrast with the conventional theory, according to conjecture 1, in the s — breaking, 

1 



= -SnG ( T, 



mil. c^Qy-v^g 



-8ttG 



1 



(109a) 



Consequently, R 00 > 0, = and < are all possible. Thus, although the strong energy 
condition still holds, i.e. 



(Tf + T?)--g ab (T s + T v ) 



K a K b > 0, 



(109b) 



the conditions of propositions 1 and 2 and condition (1) do no longer hold, because the 
gravitational mass density p g determines R^ u and p g — p v — p s ^ p v + p s — p. Hence (a) and 
(c) do not hold, but (6) still holds, and p is timelike and null geodesically complete.. 



C. The process of space inflation 

As mentioned before, the duration of space inflation is finite (see below (88)). Supposing 
A ~ g 4 , g 2 ~ 47r/45 for SU(5), and considering m(Q s ) = y/2p (see (32)), from (66) we can 
estimate T max , 

2p 2p V2m(Q s ) 

Tma — Tx ~ 7 ~ = 5m((U (110) 

The temperature will strikingly decrease in the process of inflation, but the potential energy 
V (zu s ~ w v ~ 0) ~ V cannot decrease to V min (T v ) at once, because this is a super-cooling 
process. 

We can get the expecting results by suitably choosing the parameters in (8) — (10). In 
order to estimate H = y/r]V , taking V ~ At 4 /4A, from (110) we have 

H = aT^ x , a=v^A/8~^/8. (Ill) 

We can take T max to be the temperature corresponding to GUT because the 577(5) symmetry 
strictly holds water at T max . 

Taking T max ~ 5m (Q s ) ~ 5 x 10 15 Gev and V\/8 ~ g 2 ~ 0.035, we have H^ 1 = 10~ 35 s. If 
the duration of the super-cooling state is 10~ 33 s ~ (10 8 Get>) 1 , -R m i n will increase explOO ~ 
10 43 times. As mentioned before (see below (88)), the duration r of inflation may be long 
enough, r ~ 1/T 6 [15] . Taking T max ~ 10 15 Gev and T b ~ 10 8 Gev, we have H' 1 = 10~ 35 s and 
r ~ 10~ 33 s. The result is consistent with the Guth's inflation model! 17 !. 
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Before inflation, the world in the S — breaking is in thermal equilibrating state. If there 
is no v — matter, because of contraction by gravitation, the world would become a thermal- 
equilibrating singular point, i.e., the world would be in the hot death state. As seen, it is 
necessary that there are both s — matter and v — matter and both the S — breaking and 
the V — breaking. 

The parameters in the Higgs potential can be so suitalbly chosen that r is suitable. We 
discuss the problem in the following paper. 



VIII. EXPANSION OF SPACE AFTER INFLATION 



A. The reheating process 

After inflation, the temperature must sharply descend. In the case, it is easily seen that 
the state with (u s ) = (ou v ) = is no longer stable and must decay into such a state with V m i n . 
Either of the S — breaking and the V — breaking can come into being, because s — matter 
and v — matter are completely symmetric at T max > T cr . Let the V — breaking comes into 
being, then v — SU(5) — > v — SU(3) x U(l) and s — SU(5) symmetry is kept. In this 
case, tFi can be regarded as the initial moment for the world in the V — breaking. Thus we 
take tFi = 0. Ignoring the effect of temperature (T ~ 0), from (8) — (10) we see the phase 
transition of the vacuum is as follows, 

^i)(T max ) = — > tu v (T v ~ 0) = zu v0 , 
» s (T max ) = — > G7 S (T S ~ 0) = zu s0 = 0, 
V v (zu v ,T max ) = — > V v (w v0 , 0) = —V , 
V s (w s , T max ) = — > V s (w s0 , 0) = 0, V sv = — > 0, 
V Vg = K(T max ) +V -V 8 (T max ) 

= V — )• V v (w v0 , 0) + V - V s (w s0 , 0) = 0. (112) 

After transition, V v (T max ) — V v (T v ~ 0) = Vq must firstly transform into a lot of the v — 
Higgs particles. The v — Higgs particles can decay fast into the v — gauge bosons and the 
v — fermions by the v — SU (5) couplings. On the other hand, because of the coupling (10), 
the v — Higgs particles can transform into the s — Higgs particles as well. The s — Higgs 
particles Q s , ip s and x s can f as t decay into the s — gauge bosons and the s — fermions 
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by s — SU(5) couplings. Let aVo transform the v — energy, then (1 — a)Vo transforms the 
s — energy. From the decaying process we see it is necessary a > (1 — a). Let p' v = p' s before 
the transition, it is necessary after transition that 

p v = p' v + aV > p s = p' s + (1 - a)V . (113) 

This is the reheating process, after which, the v— particles get their masses, but the s— gauge 
bosons and the elementary s — fermions are still massless since s — SU (5) is not broken. 
Both v — matter and s — matter can exist in the form of plasma for a short period, because 
T s and T v must be very high in the initial period after reheating. 

In the V — breaking, the space evolving equations are (50) — (51) . After the reheating 
process, V ~ 0. Thus, (50) — (51) reduce 

. 2 

R = -k + v {p v - p s )R 2 = -k + np Vg R 2 . (114a) 

R = -\ l(Pv ~ Ps) + 3 (p„ - P s)] R = ~\ {Pv 9 + 3Pv g ) R- (H4b) 

After T s and T v decline further, the v — particles exist in forms of nucleons, leptons and 
photons, and the s — particles will form S — SU (5) color single states whose masses are 
non-zero. 

B. Change of gravitational mass density in comoving coordinates 

We take the order of time to be t > ti > t 2 > t 3 > t FI = 0. 

After reheating process, all Higgs particles have got their very big masses due to T v ~ 
T s ~ , hence s — matter and v — matter cannot transform into each other. p v = p vm + p vl 
because v — SU(5) — > v — SU (3) x U (1) . All s — particles must be the s — colour single 
states and there is no s — photonlike particle so that p S7 = so that p s = p sm , because 
s — SU(5) is not broken in the V — breaking. Hence p v /p s must decrease as R increases 
because p rn oc R~ 3 and p 7 oc i? -4 . In the case, Vy g = and (114) reduces to 

. 2 

R + k = i] (p vm + p vl - p srn ) R 2 = np Vg R 2 , (115) 

- ~2 (Pvm + 2 Pv~, - Psm) R= ~2 ^ PVmg + 2pV ^ R ' (yllQh " 1 
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where p vm and p sm are neglected and p vl = p vl /3 is considered. 

Suppose when t = t 3 (e.g. t 3 ~ 10 4 ~ 10 5 a), t> — atoms have formed, i> — photons 
have decoupled, s — SU(5) color single states have formed, p sm (t 3 ) = xp^ (t 3 ) , p (t 3 ) = 
VsPvm (h) and 

(h) + Pvm (h) > Psm (t 3 ) > 3 Pvm (t 3 ) , 

or y 3 + 1 > x > 3. (117) 

After the photons decoupled, the number ii v n of the v — nucleons and the number n vl of 
the v — photons are invariant and n V N /n V70 ~ 5 x 1CT 10 when space expansion. The number 
n s of the s — colour single states is invariant as well. Let p y ^ (t, R(t)) = p y ^ (R (t)) , then 
p sm oc R~ 3 , p vm oc R~ 3 and p„ 7 oc i?~ 4 . Thus the gravitational mass density p y ^ (t) in 
comoving coordinates is changeable, 

Pv 9 (*) = £™ + ^ 7 - P sm = P vm (*3) (1 - x + yi2 (t 3 ) /i2 (0) 

= 2™ (^(i-^ + p^^/^W 

= fit)m (to)(l-a; + yoi2(to)/i2(*)), ( n 8) 

where ?/o = Pvyo/ Pvmo an d P um (^3) = P vm (*o) is considered. Let py 9 (£2) = 0, then considering 
the conjecture 3, we have 

Pv 9 (h) = K (t 2 ) = 0, |||| = (x - 1) /y 3 , or |M = (* - 1) /y - (119) 

Thus when t > t 2 , p Vg (t) < and K (t) < 0. a: is invariant and y is changeable. For 
example, we may take 1/3 = 1 and y = 1/6000. 

p — p will also change because of (65c) and the reason in section 8.7. 

'—vm —sm 



C. Space expands with a deceleration 



From (118) - (119) we see when < t < t 2 , p Vg (t) > so that K (pj > 0. From (115) , 
(1166) and (118) we have 

yzR (h) 



R 2 + K = np Vg R 2 = V^^-Pvm (*a) 



[l-x) + 



R 



R = ~0 (PV 9 + Pvt) 



2 

y R 3 (t 3 ) 

2 R 2 



Pvm (h 



[l-x)+2 



y 3 R (t 3 
R 



(120a) 



(120b) 
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In the case, (1 - x) + y 3 R (t 3 ) /R > 0. Hence (1 - x) + 2y 3 R (t 3 ) /R > so that R < 0, i.e., 
space must expand with a deceleration in the period. We analyze the process in detail as 
follows. 

1. It is possible that there is t± to satisfy R(ti) = because R > and R < when 
t > t 3 . 

When R (t) = 0, (58) — (59) reduces to (63) in which p g = p Vg and p gy = p vgi (because 
in the V — breaking now). There are two sorts of possibility when t > t\. 

A. p Vg {t) > when t < ti and R(ti) = 0, hence R(ti) < (p gi > as well). Thus 
R(t >ti) will decrease as the conventional theory (space contracts). 

B. p Vg decreases because space expands. It is possible that there is t 2 < t\ to satisfy 
Pv g (^2) = and R (t 2 ) >0.K (t 2 ) = because of the conjecture 3. In the case, K/K must 
be considered and (58) — (59) reduces to (65) in which p gi = p vgi . From (65) we see that 
there are two sorts of possibility when t > t 2 - 

a. If K/K = 0, R = and R = — (rj/2) p vl < 0. Hence space will contract with an 
acceleration. In the case, t 2 = t±, 

b. If K/K > 0, R > and R < so that space continues to expands with a deceleration. 
In the case, t 2 < h, R (h) = 0, p Vg (ti) < and K (ti) < because of (118) - (119) and 

R (ti) > R (t 2 ) . There are the following three sorts of possibility, because of p Vg (ti) < 0. 

(a) . p Vg (ti) + p vgy (ti) > 0, so R (ti) < 0. Thus R(t> h) will decrease due to R (ti) = 0, 
i.e. space will contract with an acceleration. 

(b) . p Vg (ti) + p vgi (ti) < 0, so R (ti) > O.Thus R(t > ti) will continue to increase due to 
R (ti) = 0, i.e. space will expand with an acceleration. 

(c) . p Vg (t±) + p vgj (ti) = 0, so R(ti) = O.Thus R(t > t±) = R(ti) , i.e., space will be 
static. 

In the case (c), in fact, p Vg = p Vg (t, R (t)) which can still change although R — 0. This is 
because the major part of the repulsive potential energy between s — matter and v — matter 
will transform into s — energy when v — galaxies form (see below). Consequently, after long 
time, p Vg = p v — p sm will strikingly decrease so that space will continue to expand with an 
acceleration. 

The cases are different from the conventional theory. According to the conventional 
theory, when p Vg (t) — K (t) — 0, there must be R = R = 0. 
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There is no the case K/K < 0. This is because if K/K < 0, there must be R(t) < 0. 
This is contradictory to the premise Rfa) < 

2. The other possibility is when R(t) > 0, R have changed from R < in to R > 0. In 
the case, space will continue to expand with an acceleration, and there is no stage in which 
R (t) = 0. 

To sum up, we see that after inflation, space first expands with a deceleration, then it is 
possible that space is static for a period and finally expands with an acceleration up to now. 



D. Space expands with an acceleration 

We consider the expanding process of space. After reheating, Vy g ~ 0. Based on the 
discussion about (61) we may conclude when t ^> £3, say t > t±, so that R(t) ^> R (t 3 ) , 

PVg (t) ~ Pvm (*3) (-X + 1 + V R (i 3 ) /R (t)) « 0, 

K ~ 0, K < and K can be taken as —1. Thus, in the V — breaking, from (50) — (51) we 
have 

it = 1 + ^p„i? = 1 — rj— [x — 1 



i? V i? 



o 2 = ii 2 (l + fi 90 ) 



1 

1 - 



1 + tt 



so; 
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a 2 
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a 3 
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= i?/ i?o , 
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/P c! 


7O 





(121a) 



i?=|§(--l-2^), « = ^(^-2^), (121b) 



where p g 
VPga ttgmo 

ttgo = {psmo - Pvmo ~ Pvjo) / Pc #o^o = V i 1 + ^9o) • It is obvious that when R /R < 
(x — 1) /2y , R > and i? > 0, i.e., space will expand with an acceleration. 



E. To determine a (t) 

It is difficult to uniformly describe the three evolving stages space since K (t) is difficultly 
determined. Considering K — —1 is applicable to all cases p g > 0, p g = 0, and p g < 0, 
as a crude approximation for p g > (thereby K > 0) and p 3 = (thereby if = 0), we 
describe expansion of space by (121a) in which K = —1. In fact, when np g R 2 3> 1, K may 
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be ignored. Because when p g > and K > 0, space expands with a deceleration, and when 
p g < and if < 0, space expands with an acceleration, the period of p g = K = can 
be approximately solved. The result is qualitatively consistent with (121a) . As mentioned 
before, when t < t±, R(t) < so that space expands with a deceleration. From (121a) we 
have 



t = t {Vl-M + T - Va 2 -Ma + T 

Hoy/ 1 + QgO 

M,_ 2-M + 2VT=MTT 
2 2a-M + 2y/a 2 -Ma + T 
where M = VL gm0 / (1 + VL g0 ) , T = Q vl0 / (1 + ^ 9 o) • 

Taking Q vj0 = 0.001, n gm0 = 0.3^0 + 2^/0^, /J^ 1 = 9.7776 x lO 9 /^ 1 ^ 8 ] and h = 0.8, 
we get a (t) . a (t) is shown by the curve B in the figure 1 and describes evolution of the 
cosmos from 14 x 10 9 yr ago to now. Taking f2„ 70 = 0.05, fl gm o = we get the a (t) 

which is shown by the curve A in the figure 1 and describes evolution of the cosmos from 

2 

13.7 x 10 9 yr ago to now. Provided fl gm o ^ 2Q„ 70 + 2y / IV^ (the condition a > 0), we can 
get a curve of a (t) which describes evolution of the cosmological scale. 

From the two curves we see that the cosmos must undergo a period in which the cosmos 
expands with a deceleration in the past and present period in which the cosmos expands 
with an acceleration. 

Ignoring f2t, 7 o, Q gm o — > —Qgmo and taking a ~ 0, we can reduce (122) to the correspond- 
ing formula (3.44) in Ref. [8] 



F. The relation between redshift and luminosity distance 

Considering k = —1, from (40) and (120a) we have 



f 1 cda - f° dr M23) 
JaRa JrVTTT 2 '' 

{2 (i + n g0 ) - (i + z ) n gm0 

- [2 (i + n g0 ) - n gm0 ] ^i-(n gm0 -2n vl0 ) z + ni y0 z 2 }, (124) 
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where z — (1/a) — 1 is the redshift caused by i? increasing. Provided f2 sm0 — > -O 9m0 , (124) 
is consistent with the corresponding formula (3.81) in Ref. [8]. Ignoring Jl„ 7 o, Q gm o — > 
—Q gmQ we reduce (124) to 

H d L = -2 — <^ 2 + tt gm0 (1 - z) - [2 + tt gm0 ] a/1 - Vt gm0 z > , (125a) 

which is consistent with (3.78) in Ref. [8]. Approximating to f^ and z 2 , we obtain 

H d L = z + l -z 2 (\ + ifi 9m0 ^) . (125b) 

Taking fi„ 70 = 0.001, Q gm0 = 0.3^ 7 o + 2^/tt^ and Hq 1 = 9.7776 x 10 9 /rV [8] and 
/i = 0.8, from (124) we get the di — z relation which is shown by the curve A in the figure 
2; Taking Q vl o = 0.05, fi sm o = 2^Q V ^ we get the d L — z relation which is shown by the 
curve B in the figure 2. 



G. Repulsive potential energy chiefly transforms into the kinetic energy of SU(5) 
color single states 

The repulsion potential energy between v — matter and s — matter is determined by the 
distributing mode of s — matter and v — matter. In V — breaking v — particles with their 
masses can form v — celestial bodies, but s — matter which is s — SU (5) color single states 
cannot form any dumpling and must loosely distribute in space. Consequently, the huge 
repulsion potential energy must chiefly transform into the kinetic energy of s — SU (5) color 
single states when the v — celestial bodies form or space expands. In fact, when flat space 
expands iV times, i.e., R — > NR, the repulsive-potential energy density V r becomes V r /N 
and 

A V r = (1 - 1/N) V r . (126) 

Consider a system in flat space which is composed of a v — body with its mass M and a 
s — colour single state with its mass m. It is easy to get the rate AE m / A E M for static M 
and m at the initial moment.. 

Aff m = 2M + AV r 

AE M 2m + AV r [ ' 

Because M > m, AE m > AE M . 

Space expansion is not the necessary condition to transform repulsive potential energy 
into kinetic energy. Supposing R = and some v — matter gather to a region and forms a 
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FIG. 1: The curve A describes evolution of a(t) from 14 x 10 9 yr ago to now; The curve B describes 
evolution of a(t) from 13.7 x 10 9 yr ago to now. 

galaxy, s — matter which is initially in the region must be repulsed away from the region 
and increases its kinetic energy. The repulsive potential energy chiefly transforms into the 
kinetic energy of the s — matter in this case as well. 

IX. EXISTING AND DISTRIBUTIVE FORMS OF S-SU(5) COLOR SINGLE 
STATES IN THE V-BREAKING 

When T s is low, the s — SU (5) color single states must loosely distribute in space or form 
s — super clusterings, i.e., huge voids relative to v — matter. 
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FIG. 2: The curve A describes the d^ — z relation when f2„ 7 o = O.OOland f2 m o = . 30„ 7 o + 2 ^/ 0„ 7 o ; 
The curve i? describes the di — z relation when Q„ 7 o = 0.05and fi m o = 2-y/lVyO 

A. Sorts of s-SU(5) color single states in the V-breaking 

w s = and ro^ 7^ in the V — breaking. Thus the s — SU(5) symmetry still holds 
water and v — SU (5) — > v — SU (3) x U(l). Hence all s — gauge particles and s — fermions 
are massless (if the masses originate from only the couplings of the s — fermions with the 
s — Higgs fields). When the temperature T s is high enough, all s — gauge particles and 
s — fermions must exist in plasma form. When T s is low, all s — particles will exist in 
s — SU(5) color-single state form (conjecture 4). Let A, B, C, D, E denote the 5 sorts of 
colors. A component of 10 representation carries color a/3, a, f3 = A, B, C, D, E, a 7^ f3. A 
component of 5 representation carries color a. A gauge boson carries colors af3*. There are 
the following sorts of the s — SU (5) color-single states. 

2-fermion states: aa * or (af3) (a/3)*, a ^ (3. When the spin of aa * or (a/3) (a/3)* is 
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zero, we denote aa * or (a/3) (a/3)* by s — n. When the spin of aa* or (a/3) (a/3)* is 1, we 
denote aa* or (a/3) (a/3)* by s — p. Analogously to QCD, we have m (s — ir) < m(s — p) 
(because of color-magnetic interaction) and can suppose m(s — ir) ~ m{n) to be minimum 
in all s — SU(5) color-single states. In contrast with a given it — meson, s — ir must be stable, 
because there is no the electroweak interaction in the case w s = 0. 

3- fermion states: ( AB ) ( CD )E or ( AB ) A*B*. When the spin of 3 — fermion states is 
1/2, we denote them by s — N. s — N is stable, and we can suppose m(s — N) ~ m(N). N 
denotes a given nucleon. 

4- fermion states: ( AB ) CPE . 

5- fermion states: ABODE or ( AB ) ( BC ) ( CD ) ( DE ) ( EA ) . 

Gauge boson single-states: (a/3*) (a*/3) or (a/3*) (^7*) (7a*) etc., a 7^ (3 7^ 7. 
Fermion-gauge boson single-states. ol(a/3*)/3, al^a7*)(7/3* j/3 etc.. 
Of course, there are the s — anti-particles corresponding to the s — colour single states 
above as well. 

B. The characters of the s-SU(5) color single states in V-breaking 

We can only qualitatively discuss the SU (5)-color single states by comparing the SU (5)- 
color single states with the S't/(3)-color single states, because there is no mature theory of 
strict SU(5) symmetry up till now. The following inferences are obtained on the basis of 
the sameness of the SU (5) and SU (3) groups, hence they are reliable. 

The characters of the s — SU (5) color single states in the V — breaking are as follows. 

1. If the masses of the s — SU (5) fermions only originate from the coupling of the s — SU(5) 
fermions with the s — SU(5) Higgs fields, they all must be zero because (00) s q = in the 
V — breaking. If such mass terms mipip + MTr are added to C (Cy and the masses 
of the s — SU (5) fermions are non-zero. Here ip and \1/ are respectively the representations 
5 and 10. The masses of all SU(3) color single states (include gluon balls ) are non-zero. 
Consequently, we can determine that all SU(5)-co\or single states can get their suitable 
masses. 

2. In contrast with SU(3) color single states among which there are the electromagnetic 
and weak interactions due to the gauge group is SU(3) x U(l), there is no electroweak 
interaction among the s — SU (5) color single states because s — SU (5) is a simple group. 
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Hence the s — SU (5) color single states with the minimum masses must be stable. 

3. The interaction radius of the s — SU (5) color single states must be finite and much 
smaller (~lx lCT 15 m) than the radius of hydrogen atoms (~ 1 x lCT 10 m). This is because 
the interactions can come into being only by exchanging the s — SU (5) color single states, 
and the masses of all s — SU (5) color single states are non-zero. 

Thus we can approximately regard the s — SU (5) color single states as ideal gas without 
collision. 

In a word, the s — SU (5) color single states are analogous to v — neutrinos, but in contrast 
with the v — neutrinos, there is the repulsion between the s — SU(5) color single states and 
v — matter. 

From the characters of the s — SU(5) color single states mentioned above, we will see that 
the s — SU (5) color single states in the V — breaking cannot form clusters and must loosely 
distribute in space, but it is possible they form s — super clustering s as the neutrinos. 



X. DYNAMICS OF V-STRUCTURE FORMATION AND THE DISTRIBUTIVE 
FORM OF THE S-SU(5) COLOR SINGLE STATES 

Generalizing equations governing nonrelativistic fluid motion^ 8 ' to present model, we have 

! + v„VU = -^-Vct>, (128) 
dt J p v 

^p v + V-(p v v v ) = (129) 

V 2 $ = 47rG(p,-pJ, (130) 

- + V.-V v a = ^ + V$, (131) 

dt J Ps 

§^Ps + V • (p s v s ) = 0, (132) 

in the V — breaking, where d/dt + v^-V is call the convective derivative. We can produce 
the linearized equations of motion by collecting terms of first order in perturbations about 
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a homogeneous background p v = p v0 + 5p v etc. Let 



v„ = v„ + 6v v , v s = v s0 + 5v' s (133a) 

Pv = Pvo + $Pv, Ps = Pso + ^P S > (133b) 

S v = 5 -^, 5 S = ^, (133c) 

PvO PsO 



considering v v0 = i/x = (a/aj x, we get 



% + v v0 -v) Sv v = - V5$ - {Sv v • V) v, , (134) 

dt J Pvo 

d \ 

— + v„ - V) 6 V = -V<fv„, (135) 

V 2 $ = 4ttG^ 5„ - p s0 5 s ) , (136) 

4 + v s0 - 5v s = + - (5v s • V) v s0 , (137) 

9t J Pso 

^ + v s0 -V^ s = -V5v s , (138) 
Defining the comoving spatial coordinates 

x(f) = a (t) r (t) , <Sv (*) = a (t) u (t) , (139) 

we have V x = V r /a. Let 

<^fc = <^ fc (i) exp (-ik v ■ r) , 5 sk = 5 sk (t) exp (-ik s ■ r) , (140a) 
c 2 = ^ c 2 = ^ (140b) 

from (134) - (140) can get 

— + v^o-V <5 wfc + 2-5„ fc = 4vrG (p„ 5„ fe - p s0 5 sfe ) - -^<5„ fc . (141) 
at J a a z 

— + v s0 - V J + 2-6 sk = 47rG (p s0 5 sk - p v0 5 vk ) - ~^fS sk . (142) 

It is necessary that 5 sk < when 5 vk > because there is only repulsion between s — matter 
and v — matter. Consequently, 

PvO&vk ~ PsO^sk = p v0 8vk + PsO \S S k\, (143a) 
Pdfisk ~ PvO^vk = PsO^sk + P v0 | S vk | . (143b) 
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According to the present model, there must be a/a = [—Kja 2 + np g ) ~ 0, because p v = 

Pvm + Pi>7> Pvm 0C R ^ i Pvj a R 4 J Ps = Psm > Pvmi aI1 d Psrn CX i? 3 SO that p g = p v — p s = 

and K — 0. There possibly is 5^ (£) > (£) when = p s , because s — SU(5) color single 
states in the V — breaking can be regarded as ideal gas without collision. The ideal gas 
has the effect of free flux damping for clustering. Ignoring 5 sk in (141) , for a/ a ~ and 
(47rGp v0 - c 2 v k' v 2 ) > 0, from (141) we get 

5 vk (t) = (4vrGp„ - c 2 v k' 2 ) S vk , S vk (t) = exp (t/r) , (144) 

where k' v = k v /a, r = 1/ y^AnGp v0 — elk' 2 . We see that 5 vk (t) will exponentially grow for 
long-wavelength. We cannot get the result as (144) for 5 sk from (142), because the velocity 
v s0 of a s — SU (5) color single state is invariant because there is no collision and is very big. 
Let the duration in which R ~ be At, the distance / to be damped out is / = v s0 At. The 
perturbation whose size is less than I cannot form. Thus s — SU (5) color single states can 
only form superclusterings. When p s0 > p v0 , p s0 5 sk — p v0 S vk > is possible. Consequently, 
the s — SU(5) color single states possibly form superclusterings, because when (a/a^j is 
large, the perturbation will slowly grow in power rules. 

From the above mentioned, we see that the s — SU(5) color single states must loosely 
distribute in space or form s — super clustering, i.e., huge v — voids, in which p s ^> p v . 

To sum up, because of the following two reasons, the perturbation S vk will grow faster or 
earlier than that determined by the conventional theory. 

1. There is such a stage in which p s — p v ~ and K (p) ~ so that R/R = a ~ 0, 
because the gravitational masses of s — matter and v — matter are opposite and K (p) is 
changeable. Consequently, from (141) and (144) we see that 5 vk (t) will exponentially grow 
for long-wavelength in the stage. 

2. From (141) , (143) and (144) we see that 5 vk (t) can grow faster than that determined 
by (144) because p v0 5 vk + p s0 \ 5 sk \> p v0 S vk . The origin is the repulsion between s — matter 
and v — matter. 
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XI. SOME GUESSES, NEW PREDICTIONS AND AN INFERENCE 



A. Some guesses 

1. The universe is composed of infinite s-cosmic islands and v-cosmic islands 

If the whole universe is the world in the S — breaking or the the world the -V — breaking, 
the analysis above is correct. But according to the present model, as mentioned before, there 
are the two sorts of symmetry breaking which are different in essence. Thus it is possible 
that there are different breaking forms in different regions of the universe. 

As mentioned above, v — matter and s — matter are symmetric and mutually repulsive, 
v — matter in the V — breaking can form v — galaxies and s — matter in the S — breaking 
can form s — galaxies. 

From this we present a new cosmic model as follows. 

The universe is composed of infinite s — cosmic islands and and v — cosmic islands. 
(u> v ) = and (u> s ) = (ou s ) in s — cosmic islands, and (u> s ) = and (u> v ) = (ou v ) in the the 
v — cosmic islands. 

As — cosmic island or a v — cosmic island must be finite. There must be a transitional 
region (T — region) between as — cosmic island and at) - cosmic island. In the T — region, 
it is necessary (oj s ) and (u v ) change from (u s ) = (uj s ) and (u v ) = into (u s ) = and 
(uu v ) = (ou v )o, respectively. Consequently, the expectation values (uj s )t and (uj v )t inside the 
T — region must satisfy 

<| (w,) T |<| Mo \, <| Mt |<| Mo I • ( 145 ) 

There must be only v — cosmic islands neighboring as — cosmic island. This is because that 
if two s — cosmic islands are neighboring, they must form one new larger s — cosmic island. 

It is obvious that if there is only one sort of breaking, it is impossible that such cosmic 
islands exist. 

Based on the following reasons, the probability is very little that a v — observer accepts 
messages from as — cosmic island. 

1. The probability must be very small that a s — particle (a quark, a lepton or a photon) 
in the s — cosmic island comes into the v— cosmic island, because a s— particle in a s— cosmic 
island is s — SU (5) non-color single state. If a s — particle comes into the v — cosmic island, 
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it would still be non-color single state and would get very big mass. This is impossible due 
to color confinement. But a bound state of the s — particles, e.g. (uu =F dct) /y/2 which is a 
color single state in both V — breaking and S — breaking, possibly comes into the v — cosmic 
island. It is hardly funded by a v — observer because the boson (uu =F ddj / \/2 is a s — colour 
single state in the v — cosmic island which is a particle of dark energy. . 

2. The probability must be very small that a v — particle in the s — cosmic island come 
into the v — cosmic island as well. The v — particle (a fermion or a gauge boson) in the 
s — cosmic island must be massless. If the massless v — particle comes into the v — cosmic 
island, it would get its mass. Thus its static mass will change from m = to m > so 
that it must suffer a strong-repulsive interaction, hence it hardly comes into the v — cosmic 
island. 

3. Higgs particles in the s — cosmic island must decay fast into fermions or gauge bosons, 
hence they cannot come to the v — cosmic island. 

4. T — regions is so big that the probability through which a particle passes is very 
small.. 

The probability must be very small that particles leave the v — cosmic island because of 
the same reasons. 

A v — cosmic islands and as — cosmic island can influence on each other by the Higgs 
potential in the T — region between both. 

As a consequence a v — observer in the v — cosmic island can regard the v — cosmic island 
as the whole cosmos. It is possible that Some cosmic islands are forming or expanding, and 
the other cosmic islands are contracting. 

Thus, according to the present model the cosmos as a whole is infinite and its properties 
are always unchanging, and there is no starting point or end of time. 

2. Mass redshifts 
Hydrogen spectrum is 

/ ^ i i \ / a- Ate 4 , 1 1 , mM , . 

^ = (E n -E k )lh = -^(---), (M6) 

where m is the mass of an electron, and M is the mass of a proton. According the unified 
model, m oc v e , the mass of a quark m q oc v q , where v e and v q are the expectation values of 
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the Higgs fields coupling with the electron and the quark, respectively. M oc m q . 

If there are some galaxies inside a T — region, from (145) we see that the mass uit of an 
electron and the mass M T of a proton inside the T — region must be 

m T <m, M T < M. 

Thus we have 

(/i — p T )e A 11 

/i T < /i, A 0J n k = 0J n k — UJnkT = ^3 (t^~7^) <0 - ( 147 ) 

The sort of red-shifts is called mass redshift. The mass redshift is essentially different 
from the cosmological red-shift mentioned before. Thus, the photons coming from the star in 
a T — region must have larger red-shift than that determined by the Hubble formula at the 
same distance. Thereby we guess that some quasars are just the galaxies in the T — region of 
our cosmos island and they have the mass redshifts. The fine-structure constant is considered 
to change based on the redshifts of some quasars according to the conventional theory. In 
contrast with the conventional, we consider that the mass of electrons possibly changes, but 
is not the fine-structure constant to change. 

An ordinary s — galaxy and as — quasar can be neighboring, because a T — region must 
be neighboring to an ordinary region. 



B. New predictions 

1. It is possible that huge voids are equivalent to huge concave lenses. The densities of hydrogen 
and helium in the huge voids predicted by the present model must be more less than that predicted 
by the conventional theory. 

Hot dark matter, e.g. the neutrinos, can form huge voids, but cannot explain evolution of 
structure with middle and small scales. Cold dark matter can explain evolution of structure 
with the middle and the small scales, but cannot explain the huge voids. The problem of 
huge voids remains unsettled. 

According the present model, huge v — voids in the V — breaking are, in fact, superclus- 
terings of s — particles. The huge v — voids not empty, and in which there is s — matter 
with a bigger density, p' s ^> p' v , p' s > p s and p' v < p v , here p' s and p' v denote the densities in 
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the huge v — voids. Because there is the repulsion between s — matter and v — matter and 
there is the gravity among s — particles, a huge v — void can form. The forming process is 
analogous to that of the neutrino-superclusterings. The characters of such a huge v — void 
are as follows. 

A. At) - void must be huge, because there is no other interaction among the s — SU (5) 
color single states except the gravity and the masses of the s — SU (5) color single states are 
very small. 

B. When v — photons pass through such a huge v — void, the v — photons must suf- 
fer repulsion from p' s and are scattered by p' s as they pass through a huge concave lens. 
Consequently, the galaxies behind the huge v — void seem to be darker and more remote. 

C. Both density of matter and density of dark matter in huge voids must be more lower 
than those predicted by the conventional theory. Specifically, the density of hydrogen in 
the huge voids must be more less than that predicted by the conventional theory. Right or 
mistake of the predict can be confirmed by the observation of distribution of hydrogen. 

It is seen that the present model can well explain the characters of some huge voids. This 
is a decisive prediction which distinguishes the present model from other models. 

2. The gravitation between two galaxies distant enough will be less than that predicted by the 
conventional theory. 

There must be s — matter between two v — galaxies distant enough, hence the gravitation 
between the two v — galaxies must be less than that predicted by the conventional theory 
due to the repulsion between s — matter and v — matter. When the distance between the 
two v — galaxies is small, the gravitation is not influenced by s — matter, because p s must 
be small when p v is big. 

3. A black hole with its mass and density big enough will transform into a white hole 

Let there be a v — black hole with its mass and density to be big enough so that the 
critical temperature T cr can be reached in the V — breaking. If its mass is so big that its 
temperature T v > 2/i/y/X since the black hole contracts by its self-gravitation, then the 
expectation values of the Higgs fields inside the v — black hole will change from w v = vj v q 



58 



and w s = into w v = w s = 0. Consequently, inflation must occur. After inflation, the 
highest symmetry will transit into the V — breaking or the S — breaking. No matter which 
breaking appears, the energy of the black hole must transform into both v — energy and 
s — energy. Thus, a v — observer will find that the black hole disappears and a white hole 
appears. 

In the process, part of v — energy transforms into s — energy. A v — observer will consider 
the energy not to be conservational because he cannot detect s — matter except by repul- 
sion. The transformation of black holes is different from the Hawking radiation. This is the 
transformation of the vacuum expectation values of the Higgs fields. There is no contra- 
diction between the transformation and the Hawking radiation or another quantum effect, 
because both describe different processes and based on different conditions (the density and 
mass of the black hole must be large enough so that its temperature T v > 2/i/VT). Ac- 
cording to the present model, there still are the Hawking radiation or other quantum effects 
of black holes. In fact, the universe is just a huge black hold. The universe can transform 
from the S — breaking into the V — breaking because of its contraction or expansion. This 
transformation is not quantum effects. 

Let there be a v — cosmic island neighboring on a s — cosmic island. It is possible that 
the v — cosmic island transforms into as — cosmic island after it contracted. In this case, 
as — observer in the s — cosmic island must observe a very huge white hole. 

4- The transformation of the cosmic ultimate 

As mentioned before, in the V — breaking, when p s > p v , space will expand with an 
acceleration. It seems that the universe will always expand with an acceleration. This 
is impossible. In the expanding process of the universe, galaxies can be continue to exist 
and v — matter will gather so that a huge v — black hole with its mass and density big 
enough can be formed after long enough time, because the repulsion between s-matter and 
v-matter and the gravitation among v — particles. After the temperature of the black hole 
reaches the critical temperature T cr , the expectation values of all Higgs fields will tend to 
zero and the local space will expand. In the case, both V — breaking and s — breaking 
are possibly realized. If the density of v — matter around the huge v — black hole is little 
enough, the S — breaking will is realized. Consequently the V — breaking transforms into 
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the S — breaking and the v — world transforms the s — world. If the density of v — matter 
around the huge v — black hole is very large, the V — breaking will is realized. This is because 
the transformation of symmetry breaking must cause the transformation of existing form of 
matter. V — matter whose temperature is low around the huge v — black hole will prevent 
the transformation of the V — breaking into the S — breaking. After the average density of 
v-matter is little because space expands and a huge v — black hole with its mass and density 
big enough formed, the transformation of the V — breaking into the S — breaking can occur. 

It is seen that in the both cases that the universe is little enough because space contracts 
or is large enough because space expands, it will occur that one sort of breaking transforms 
into the other and the world transforms the other world. 

C. An inference :X e ff = A = 0, although p / 

The effective cosmo logical constant A e // = A + p g0 . The conventional theory can explain 
evolution with a small X e ff- Such a small X e ff cannot be derived from a elementary theory. 
According to the conventional quantum field theory, A e // = A + p , p A e //, In fact, 
p Q is divergence. According to the conventional gravitational theory, p — p g — p (c = 1). 
Consequently, the issue of the cosmological constant appears. 

p = can be obtained by some supersymmetric model, but it is not a necessary result. 
On the other hand, the particles predicted by the supersymmetric theory have not been 
found, although their masses are not large. 

p = is a necessary result of our quantum field theory without divergence^. In this 
theory, p = is naturally obtained without normal order of operators, there is no divergence 
of loop corrections, and dumpling dark matter is predicted^ . 

According to the present model, X e ff = A = 0, although p is still very big according to 
the conventional quantum field theory. 

Proof: X e ff = A = 0, although p ^ 0. 

Applying the conventional quantum field theory to the present model, we have p = 
Pso+P^o- Both p s0 and p v0 must be two constants. According to the conjecture 1, s— particles 
and v — particles are strictly symmetric in essence. Hence 

Pso = Pvo = Po/ 2 - 
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According to the conjecture 1, the gravitational mass of s — matter is opposite to that of 
v — matter, i.e., p gs = —p gv when p s = p v . Hence we have 

Po = PsO + PvO = 2 PsO ± °> ( 148a ) 
PgO = PsgO + PvgO = 0- ( 14 8b) 

Thus, there is no the fine tuning problem, even if A e // 7^ 0. 

X e ff = is a necessary inference, because evolution of the cosmos can be explained by 
the present model without A e //. Consequently, although p 7^ 0, we have still 

X eff = = X + Pg0 = X. (149) 

This is an direct inference of the present model, and independent of a quantum field theory. 
Thus, the cosmological constant issue has been solved. 

For the vacuum state in the S — breaking or the V — breaking, the Einstein field equation 
is reduced to 

Rnu — -^9ixvR = —8tvG (T s0fiu — T v q^ v ) = —8nG (T v0fiu — T s0 ^ u ) = 0. (150) 
This is a reasonable result. 

XII. PRIMORDIAL NUCLEOSYNTHESIS 
A. F-W dark matter model 

The F — W dark matter model ^ is a necessary inference of the quantum field theory 
without divergence. The F — W dark matter model is similar with the mirror dark matter 
model. 

According to the mirror dark matter model, it is impossible that the density of matter is 
equal to that of dark matter in order to explain the primordial nucleosynthesis and CM BR. 
This is too difficultly understood, because matter and mirror matter are symmetric and 
both can transform from one into another when temperature is high enough. 

In contrast with the mirror dark matter model, according to the F — W matter model, 
F — matter (ordinary matter) and W — matter (dark matter) are not only symmetric, but 
also p vF = p vW . If the total density of matter and dark energy is p t and the ratio of the 



61 



density of dark energy p de to p t is 0.73, (p vF + p vW ) / p t = 2p vF /p t = 0.27. Considering only 
F — baryon matter is visible and the radio of the density p vFB to p t is p vFB / 1 p t = 0.04, dark 
matter can be classified into the following three sorts: invisible F — matter for a time whose 
density is p vFu = (0.27/2 — 0.4) p t = 0.095p t , invisible W — baryon matter whose density is 
PvWB = 0-04p t , and invisible W — non — baryon matter whose density is p vWu = 0.095p t . 
PvWB can form dark galaxies and can be observed, p vWu and p vFu cannot form any dumpling. 
The vFu — particles is possibly observed in future. p vF and p vW can transform from one 
into another when temperature is high enough. 

According to the present cosmological model, there are s — matter and v — matter which 
are symmetric in principle. After symmetry spontaneously breaking, s — matter and v — 
matter are no longer symmetric. In the V — breaking, v — matter corresponds visible matter 
and dark matter, s — matter corresponds to so-called dark energy and must exist in the form 
of the s — SU (5) color single states. The masses of all color single states are non- zero. But 
the masses are different from each other. Some masses of color single states (their density are 
denoted by p sl ) are possibly less than lMev so that they may be ignored when temperature 
T > lMev , and the others (their density are denoted by p sm ) are larger than lMev . p sm 
and p sl can be determined based on observation. 

When the F — W dark matter model and the present cosmological model are simultane- 
ously considered, the primordial nucleosynthesis and CMBR can be explained. 

B. Primordial nucleosynthesis 

According to the F — W matter model'^ which is similar with the mirror dark matter 
model, the mechanism of primordial nucleosynthesis is the same as the conventional theory. 
But the mechanism of space expansion of the present model is different from that of the con- 
ventional theory. For short, we consider only influence of space expansion on the primordial 
nucleosynthesis and CMBR. 

The primordial helium abundance Y 4 is determined by n n /np\ 



where n n /n p is the neutron-proton ratio in the unit comoving volume at the freeze-out 



F 4 = 2/ [l + K/rg- 1 ], 



(151a) 
(151b) 



n n /n p = exp (— A m/kTi) , Am = m n — m. 
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temperature Ti. Ti is determined by I\ = T (Ti) and Hi = np g (Ti) , here .T is the interaction 
rate experienced by a particle. 
As mentioned above, 

PvFm = PvWmi PvF-y = PvW~{i Pv = ^PvFm + ^PvF^i Ps = Psm = Psm + Psh 

and in the V — breaking, Ti = T vi and in general T„i ^ T s ±. Since the masses of all s — color 
single states are non-zero, it is possible there are some s— color single states with their masses 
m sm > lMev and the others with their masses m s i and lMev > m s i > lev. Thus, when 
T s > lMev, m s i may be ignored so that p sl oc T s 4 , and when T s < lev, p s = p' sm + p sl oc T s 3 . 

Considering m p ~ m n ~ lGev , m e = 0.511Mev , m 7 = and m U i, i = e, p and r, are 
regarded as zero, g e = 7/2, g 7 = 2 and = 7/4 so that g* = 10.75. When T ~ T vi ~ T s i ~ 
lMev , m e may be ignored and the universe is dominated by p sl and p S7 , we have 
. 2 

Hi = = (T\) = 77 [p, (T wl ) - Ps (T sl )} 

= V [(PvFm + PvWm + Pi,F 7 + PvWf ( T vl)) ~ (Psm + Psl ( T sl))] 
- V [PvFj + (PvWf ( T vl) - Psl (Tsl))] 



7/ 



^9*T v \+(^9*T v \-Psi(Tsi) 



(152) 



Psl (T.) / Psl (T sl ) cx Tf/T* = {Ri/Rf = T*/T v \, when T v » T„ dec , (153) 

where T vdec is the t> — photon decoupling temperature (see the following). p sl and p' sm are 
two parameters which should be determined by observations. p sl (T s i) can be so chosen that 

^g*T v \ - Psl (T sl ) ~ 0, (154a) 

Hl~ v ^g*T v \. (154b) 

For the freeze-out temperature T vi is determined by I\ and Hi. I\ in the present model 
is the same as that in the conventional theory. (1546) is the same as that in the conventional 
theory as well. Hence the present model can explain the primordial nucleosynthesis and Y4 as 
the conventional theory. For example, taking the rough approximation Ti = Hi, considering 
(1546) , we get the equation to determine T vl 

/ 2 \ V 2 

Ti (T vi ) ~ G 2 F T V \ =H 1 = [n (p v (T v± ) - p s (T sl ))] 1/2 ~ ^^tftfij ■ (155) 
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This result and n n /n p and I4 corresponding to this are the same as those of the conventional 
theory! 19 ! . 

It is seen that although ordinary matter and dark matter are completely symmetric so 
that p vF = p vW , we can still obtained the result of conventional theory, provided the F-W 
dark matter model and the present model are simultaneously considered. This is different 
from the mirror dark matter model. 

XIII. COSMIC MICROWAVE BACKGROUND RADIATION (CMBR) 

A. The recombination temperature T rec 

It is the same as the conventional theory that there are the inflation and big bang processes 
in the present model. Hence there must be the cosmic microwave background radiation 
(CMBR). 

The recombination temperature of the present model is the same as that of the conven- 
tional theory, because it is independent of s-matter in the V-breaking. From the following 
formulas' 19 ' we can determine the recombination temperature T rec , 

^—^ = 1.1 x KT 8 £T 3 / 2 exp (B/T v ) , A = T v /TvO. 
X 

where x = n e /n = n p /n, n = n p + % to be number density and B = 13.6ev is the 
ionization potential of hydrogen. Taking £ ~ 5 x 1CT 10 and % = 0.1, considering n e = n p , 
n 7 = (( (3) /tt 2 ) # 7 T 3 = (2.4/tt 2 ) T 3 , n = £n 7 , T v = TvO (T v /Tv0) and TvO = 2.35 x lO^ev, 
we have' 19 ' 

T rec = 3423.5K = 0.295ew. (156a) 
(1 + z rec ) = T rec /Tv0 = 1255. (156b) 

B. The temperature T eq of matter-radiation equality 

In contrast with the conventional theory, according to the F — W dark matter model, 
F — matter and W —matter are completely symmetric so that not only there are F— photon 
(ordinary photons) , but also W— photons (dark- matter photons). p vl = p V F-y+P v w-y = ^PvF^i 
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Pvm = PvFm + PvWm = ^PvFm- F rom this we can estimate the temperature T eq of matter- 
radiation equality as follows. 

When only the photons and the three species of neutrinos are considered (here the three 
species of neutrinos are regarded as massless)., we have' 18 ! 

PvF~f — Pvw~t — 3Q^7 I ~~^T J ■ {iota) 

7 /4\ 4/3 
3 * = 2 + -x 6 x - = 3.36. (157b) 



8 V 11 / 

Thus, considering T v0 = T = 2.728/T = 2.35 x 10~ 4 ev, we get 



PvrO ~ ^PvFrO — 2 X 



:1;1>6 x — x2x(2.35x!0- 13 Get;)' 



2 30 

= 6.7425 x 10- 51 Gev 4 . (158) 

Observation shows that the total density of matter and dark matter is p = VloPc = 0.27p c . 
According to the F — W model, this implies 



PvO ~ ^PvFmO + ^PvFrO — PvmO ~ ^OPc 

= 1.8789 x 10~ 2e h 2 n ■ kg-m~ 3 = 9.238 x 10- 48 Get; 4 , when h = 0.65. (159) 

where h = 0.5 — 0.8, p vm0 = p V F m o + PvWmOi an<4 - PvrO = PvFjo + PvWro = ^PvF-yo = 2p r o- 
From (158) — (159) T veq can be determined as follows 

Pvrneq {Tveq) = PvmO [Ro/ Req (T V eq)] = Pv-yO [Ro/ Req (T V eq)} = Pvyeq (Tveq) , (160a) 

= ^ = — = = (! + ^) = 1370, 

Req J-vO PwyO ^PvFrO 

T veq = 0.32ev, when h = 0.65, (160b) 

-^0 _ Tveq _ PvmO _ ^72 
Req T v q p vl Q 

T veq = 0.295ev = T rec , when h = 0.624. (160c) 

According to the present model, (160) is a crude approximation, p v — p s is changeable not 
only because of p vm oc R~ 3 , p cc R~ 4 and p sm cc R~ 3 , but also because of (65c) . 

According to the conventional theory, p 70 = p vr0 /2, p = p v0 , hence if h = 0.65 and 
Q = 0.27, 

T' eq = T R /R' eq = (1 + z' eq ) T = ( Pm0 / Pr0 ) T = 2 (p m0 / Pvr0 ) T = 0.64et; = 2T veq . (161) 
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It is seen that T' is remarkably different from T veq . When T v ~ T veq , the universe is not 
matter-dominated. 



C. Decoupling temperature 

Let when T v = T veq , T s = T sq , p sm (T sq ) = t mq p vm (T veq ) and the masses of all s-color 
single states cannot be ignored, i.e. p sm (T sq ) = p s (T sq ) . Considering 

^ = #- = ^, (162) 

s e Q v 

ignoring the transformation p v into p SJ we can rewrite p vmJ p vl and p sm as follows. 

Pvm = ^L^ Pc = ||fi moPc = A 3 n m0 p c , A ee £L = 1 + z, (163a) 

PvmO Pc U 1 VU 



^ = ~o ^ Pc = \T^~a A fim0Pc ' (163b) 

riryeq I vmeq I vmO I c \ / 

Psm PsmQ Pvmeq PvmO _ + /\3n ( 1 t^Q \ 

Psm — Pc — tmqSi "mOP c > (L06C) 

PsmQ PvmeQ PvmO Pc 

Ignoring K, considering H Q = ^f]p c = 65km ■ (s ■ Mpc)" 1 = 1.4 x 10~ 42 Gev, Q vm o = 0.27, 
and T v0 /Tveq = (2.35 x 1(T 4 ) /0.32 = 0.734 x l(T 3 ,we get 

H 2 = VPg = V (Pvm + P V1 ~ Psm) 

= 0.27 x 1.4 2 x 10" 82 A 3 (1 - t mq + 0.734 x 10" 3 A) Gev. (164) 

This is the only deference between the present model and the conventional theory in order 
to determine the decoupling temperature. 

We have the same interaction rate experienced by one photon and Saha equation as the 
conventional theory! 19 ! 

T = n vFe a th = xin vFl a th = — £T> t/lX A 3 = 5.4 x 10~ m C X A 3 Gev, (165) 

= 1.1 x 10- 8 £T 3 / 2 exp — = 3.96 x W^A 3 / 2 exp (166) 
X T v A 

where T v = T vQ (T v /T v0 ) = 2.35 x 10~ 4 A is considered. Only for comparison of the present 
model with the conventional theory, we use the same equation (166) and the same crude 
approximation r = H to evaluate the decoupling temperature. Taking T = H, and t mq = 



PvmO _ ( T v p \ ^ 4 
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1.5, from (164) — (165) we have 

X A 3/2 = r 1 l-347 x 1(T 7 (1 - t mq + 0.734 x KT 3 A) 1/2 

= 269 (-0.5 + 0.734 x 10" 3 A) 1/2 ., when f = 5 x 10" 10 , (167) 

Substituting (167) into (166), we get 

A 3/2 = r 1 l-347 x 10~ 7 (1 - t mq + 0.734 x 10" 3 A) 1/2 

^7872 

+ £ _1 7.185 x 10~ 28 x (1 - t mq + 0.734 x 10~ 3 A) x exp — — (168) 
Taking t mq = 1.5 and £ = 5 x 10~ 10 , we get 

A = 1 + z dec = 1097, T vdec = 0.258ev, X = 0.004. (169) 
Taking t mg = 1.5 and £ = 3 x 10~ 10 , we get 

A = 1 + z dec = 1108, T vdec = 0.260ev, X = 0.0068, (170) 

Taking place of (164) by the equation in the conventional theory 



H 2 = rjp = rjp vm = 0.27 x 1.4 2 x 10" 82 A 3 Gev, (171) 



we have 



4 = 1 + ^ = 1121, T vdec = 0.263ev, x = 0.007, 
when t mq = 1.5, f = 5 x 10~ 10 , (172) 

A = 1 + z dec = 1132, T vdec = 0.266ev, X = 0.012, 
when t mq = 1.5, £ = 3 x HT 10 . (173) 

z dec is not susceptible for change of t mq in the scope 1.1 — 1.7. 
Considering 



Pvmdec / T vdec \ Pvydec / Tvdec 



i Pvmeq Pvyeqi 

(174) 



Pvmeq V ^veq / Pvyeq V ^-veq 

we have 

Pvmdec _ T vdec _ 0-258 _ q g-^ (175) 

Pvmdec T veq 0.32 

It is seen from (175) that in the decoupling stage, p vmdec ~ Pvydec an d the universe is not 
matter-dominated. This is different from the conventional theory. 
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D. Space-time is open, i. e. K < 0. 



The first peak of the CBMR power spectra is the evidence of existence of the elementary 
wave. The elementary wave began at reheating (T = T reh ) and ended at recombination 
after 3.8 x 10 5 years (T = T rec ) according to the conventional theory. Let the temperature of 
reheating is T re h. In the period T re h descends into T rec , baryons exist in plasma. The sound 
speed of plasma is c s = dp /dp = ^5Tb/3m p . Let the period in which T re h descends into 
T rec is Athc according to the present model and that according to the conventional theory 
is At' hc = 3.8 x 10 5 a, there must be 

At hc >At' hc . (176) 

The reasons are as follows. 
That (152) holds implies 

Pg ( T vl) = PvFm ( T vl) + PvWm ( T vl) + PvFr ( T vl) ~ Psm (Tl) + (PvWr ( T vl) ~ P si (T s l)) 
~ PvFm ( T vl) + PvWm ( T vl) + PvFr ( T vl) - Psm ( T sl) ~ PvF-y ( T l) 

~ Pm (Ti) + p 7 (Ti) ~ p 7 (Ti) = Pg (Ti) , (177) 

where p m {T) and p 7 (T) are the mass density in the conventional theory (T = T v ), and 
Pm (Ti) <C P-y (Ti) etc are considered. It is necessary that when T v > T vl , (152) or (177) still 
holds. This is because p sl (T s ) oc R~ 4 , p vFl (T v ) = p vWl (T v ) a R~ 4 and p vl (T v ) > p vm (T v ) 
and p sl (T s ) 3> p sm (T s ) when T v > T vl . When T v < T vl , it is necessary that p vWl (T v ) < 
p sl (T s ). This is because p vFl (T v ) = p vWl (T v ) cc R~ 4 still holds, but p sl (T s ) oc R~ 3 (due to 
lMev > m s i > lev) when T v < T vl . Hence when T v < T vl , 

H 2 (T v ) = rjp g (T v ) < rj (p m (T) + p 7 (T)) = rjp' g (T) = H' 2 (T) . (178) 

This implies (176) to hold. On the other hand, the sound speed c vs = dp v /dp v is determined 
by only p v and p v or T v and m p , and is independent of p s . Hence c vs ~ c' s when T reh descends 
into T rec , here c' s is the sound speed in the conventional theory when T re h > T > T rec . Thus 
when temperature descends from T re h descends into T rec , the propagating distance of the 
elementary sound wave must be longer according to the present model than that according 
to the conventional theory. 

Based on At' hc = 3.8 x 10 5 a, space-time is flat or K = as the conventional theory, 
but based on At hc > At' hc and c s = c' s = dp/ dp, space-time is open or K < as the the 
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present model. This is consistent with the present model according which K < when 
P g = Pv ~ Ps < m present stage. We will discuss the issue in detail in the following paper. 

XIV. CONCLUSIONS 

The new conjectures are proposed that there are s — matter and v — matter which 
are symmetric, whose gravitational mass densities are opposite to each other and whose 
energies are all positive. Both can transform from one to another when temperature T > T cr . 
Consequently there is no singularity in the model and the cosmological constant A = X e ff = 
is determined although the energy density of the vacuum state is still large and there is no 
the fine tuning problem, even if A e // ^ 0. 

There are two sorts of breaking modes, i.e. the S — breaking and the V — breaking. In 
the V — breaking v — SU(5) symmetry is broken into v — SU(3) x U (1) for v — particles 
and s — SU (5) symmetry is still strictly kept for s — particles. Consequently v — particles 
get their masses determined by the SU(5) GUT and form the v — galaxies etc., while 
s — particles are massless and form s — SU (5) color-single states which loosely distribute in 
space and can cause space to expand with an acceleration. In contrast with the dark energy, 
the gravitational masses of s — matter is negative in the V — breaking. 

The conjectures are not in contradiction with all given experiments and astronomical 
observations up to now, although the conjecture 1 violates the equivalence principle. 

The curvature factor K in the RW metric is regarded as a function of the gravitational 
mass density in the comoving coordinates. 

Based on the present model, the space evolving process is as follows. Firstly, in the 
S — breaking, p Sg = p s — p v > and K > 0, hence space contracts and T s rises. When 
T v ~ T s = T cr , (u s ) = (u v ) = 0, both v — SU(5) and s — SU(5) symmetries is strictly 
kept (this state have the highest symmetry), and the masses of all particles originating from 
the couplings with the Higgs fields are zero so that p s and p v can transform from one into 
another. As a consequence p s = p v , T v = T s and ~p Sg — p s — p v + Vq — Vq so that inflation 
must occur. After the inflation, the phase transition of the vacuum, i.e. the reheating 
process, occurs. After the reheating process, this state with the highest symmetry transits 
to the state with the V — breaking. Space in the V — breaking have three evolving stages. 
Space firstly expands with a deceleration because p Vg = p v — p s > and K > 0; then comes 
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to static because p Vg = and K = 0; and finally expands with an acceleration up to now 
because p Vg < and K < 0. The results above is still valid when V ^ S and v ^ s. It is 
seen that the world in the S — breaking and the world in the V — breaking can transform 
from one into another. The evolving process of the cosmos is different from that determined 
by the conventional theory, w = p/p changes from w > into w < — 1 is obtained. 

There are the critical temperature T cr , the highest temperature T max , the least scale -R m i n 
and the largest energy density p max in the universe. i? m i n and T cr are two new important 
constants, T max and p max are determined by R(T cr ). 

A formula is derived which well describes the relation between a luminosity distance and 
its redshift. 

Generalizing equations governing nonrelativistic fluid motion to the present model, the 
equations of v — structure formation have been derived. According to the equations, galaxies 
formed earlier and more easily than the conventional theory. 

Two guesses have been presented. The universe is composed of infinite s — cosmic islands 
and v — cosmic islands. Some huge redshifts (e.g. the big redshifts of quasi-stellar objects) 
are explained as the mass redshifts which is caused by m e x < m e , here m e r is the mass of an 
electron in a transiting region and m e is the given mass of an electron in the normal region. 

Three new predicts have been given. Huge v — voids in the V — breaking are not empty, 
but are superclusterings of s — particles, there must be s — matter with its density p s ^> p v 
in the v — voids. It is possible that huge voids is equivalent to a huge concave lens. The 
density of hydrogen and the density of helium in the huge voids predicted by the present 
model must be more less than that predicted by the conventional theory. It is possible that 
a v — black hole with its big enough mass and density can transform into a huge white hole 
by its self-gravitation. 

The primordial nucleosynthesis and CM BR are explained based on the F — W dark 
matter model (or the mirror dark matter model) and this cosmological model. 

The first peak of the CBMR power spectra is the evidence of existence of the elementary 
wave. The elementary wave began at reheating and ended at recombination after At' hc = 
3.8 x 10 5 years according to the conventional theory. But according to the present model, it 
is necessary that At hc > At' hc , because the sound speed c s ~ c' s and H = np g < H' — np' g = 
rjp'. Consequently, space-time is open or K < according to the present model 
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